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INTRODUCTION 

It is felt that sufficient advancement has taken place in 
the development of theories, techniques and components required 
for the design and construction of rocket type missiles to warrant 
the reconsideration of this type of missile for а major place in 
the USAF guided missile program, 

Some of thess developments аге as follows: 

1. А rocket-powered, self-launched, mechanically stabilized 
missile has been completed and has made two consecutive, 
successful flights. | 

29 Тһе principles of swiveling rocket motors for missile con- 
trol has been proven in these flights. This principle 
allows use of high temperature advanced fuels and long 
burning times. required for long ranges. 

5. Rocket motors using existing fuels have been developed and 
tested in sizes practical for tactical use, 

|. А guidance system has been developed for this type missile 
which has possibilities of placing a warhead within a 
radius of a mile of a given target at a range of 5,000 
miles, Breadboard components of this system have been 
built and tested in a conventional airplane and have deve- 
loped accuracies of one mill (one mile in a thousand) at 
a range of 150 miles operating under the disadvantage of 
flying close бо the earth's surface, This system has 
shown sufficient promise to be chosen as the initial gui- 
dance phase for other "in the atmosphere" missiles. While 
with "in the atmosphere" missiles additional guidance 18 
required (such as star tracking, etc.) this is the sole 
guidance required for the ballistic type missile. 

9e Considerable progress has been made in the development of 
ceramic materials which are capable of withstanding severe 
thermal shock at the high temperatures encountered in re- ` 
entry into the atmosphere from a very long range ballistic 
trajoctory. (These are not required for ranges up to ар- 
proximately 1500 miles). 

6. Progress is being made in the development of fuels with 
high specific impulse missiles. (Considerably more empha- 
sis is needed in this field however). 

| 

| 
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INTRODUCTION (Cont'd) 

Structural design principles based on structural strength 
for re-entry of the warhead only and not for re-entry of 
the entire missile into the atmosphere along with the war- 
head (as was the case with the V-2) have advanced to the 
point where it is now possible to design tactical rocket 
type missiles using present day fuels that are more econo- 
mical than other type missiles now under consideration, 

Trajectory studies for rocket powerod wingless missiles, 
carried out under other USAF projects, indicate that ranges 
more than twiee as great as those indicated using a ballis- 
tic trajectory. шау be obtained for any given mass ratio 
if а maximum L/D glide path 1s followed. This principle 
is a refinement of the Ба111351с trajectory principle ся11- 
ing for additional guidance and greater rofinement of aero- 
dynamics and structures which may bs attained in time. The 
ballistio type missile is the first step towards attaining 

‚ this ultimate goal. 
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DEVELOPMENT PROGRAM 

Аз a first step in a program leading to the development of 
long-range rocket type missiles, it is proposed that emphasis be 
placed on a design which will carry a 6000 1b. warhead to the 
maximum range obtainable with present day power plants. 

The maximm thrust obtainable from an individual rocket 
cylinder available today is 20,000 108. Practical combination of 
these cylinders into a total power plant leads to a maximum thrust 
of 108,000 lbs. This thrust dictates a take-off gross weight of 
approximately 75,000 108, With a 6000 10, payload, this gross 
weight will give a range of approximately 1000 statute miles. The 
detail program required for the development of such a missile is 
outlined below. Also included in this detail program sre enginoer- 
ing design studies leading to the use in the future of more advan- 
tageous trajectories and propulsion systems. 

1. Engineering design and construction of five (5) 6000 lb. 
` warhead, 1000 mile missiles. 

2„ Test of component parts. This would include: 

ае Struc tural testing of one or more alternate designs 
of a complete missile airframe under all anticipated 
loading conditions. 

b, Operational tests of power plant and control com- 
ponents. 

Ce Test of tho complete stabilization system оп а sim- 
lator. 

de Subsonio and supersonic wind tunnel tests, 

5. Guidance: Continuation of the work already accomplished 
by СУАС on projects МХ-77 and MX-770. This would in- 
clude the testing of guidance components in (1) actual 
flight on conventional aircraft, (2) the present МХ-ТТ 
test vehicles, and, (5) the missiles to be built under 
this program, 

Ц» Design and construction of a facility to static fire the 
missile. This would be an expansion of the static firing 
facility now being used for MX-77L Test Vehicles, 

De Static firing and flight testing of the missiles. 
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DEVELOPMENT PROGRAM (Cont'd) 

Warhead design studies including thermodynamic studies of 
re-entry, investigation and test of heat resisting materials, 
stabilization and ejection of warhead. 

Evaluation studies of rocket type missiles. This would in- 
clude: 

а. 

с. 

яё ES 

Ce 

г. 

Design studies of missiles of various payloads and 
ranges as dictated by tactical requirements. 

Studies of missile configuration based on improved 
motors and/or fuels as current programs or trends in 
the propulsion field may indicate. 

Studies of different types of trajectories such as 
maximum L/D glide path. 

Investigation of improved methods of guidance. 

Study of possible refinements in component design, 
6e8- improved gyros and accelerometers, tank pressu- 
rication by gas generation, new structural methods 
and materials making for lighter weight. The study 
of semi-rigid fuel bags for instance would be an 
example. 

Investigation of guidance methods for trajectorias 
other than ballistic, 

| Tentative Estimated Labor Requirements, Schedule апа Cumu- 
| lative Cost curve shown on ths following pages are based on the 
| first two years of this program. The data for these curves have 
| been predicated оп the bases of this program being pursued in 
| conjunction with the manufacture and testing of МХ-77 Flight | 
| Test Vehiclas, on which quotations have previously bean submitted. 
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DESCRIPTION 

(6000 LB. WARHEAD, 1000 MILE) 

GENERAL 

The following is a давата a of the proposed missile 
(see following sketches). 

Overall length | - 63 ft. 
Body diameter 5982-1838 
Gross welght - 15,181, 10. distributed аз follows: 

Warhead (paylond)- 6000 1b. 
Range (арргох.) - А 00 AE miles 
Febricated weight- 2894 1 

ee 

Tuel weight - 62 < 1b. 
Total thrust at | 

take-off = 108,000 1b, 

Note: An alternate payload of 500 1b., giving 
greater range for test purposes, is also 
considered at the end of this description. 

Some of the more salient features embodied in this design 
ere: 

Only existing power plants are used, 

Stabilization is achieved by swiveling of the rocket motors. 
| This method of stabilization was proven to be very effective 
| in tho "X-77) Test Vehicle Flights. 

| The warhead із jettisonable. This feature 18 primarily 
| responsible for the hich mass ratio that can be attained 
` in this missile. 7111 Ке the case of the V-2 rocket, the 

airframe structure need not be designed for the very high 
loads occurring at re-entry into the atmosphere. The . 
resulting weight saving is obvious. 

Incidental to the mass ratio gain, the light weight of the 
| airframe when compared to the warhead weight results in 

the advantage of bringing the center of gravity forward. 
This, of course, is beneficial from the stability stand- 
point and permits а reduction in fir size resulting in 4 
further reduction of welght and араб, 

| The center of gravity of the final stage of this missile 
| is зо far forward that this configuration will be ine 
| herently stable without fins, 

| 

| 
| 
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DESCRIPTION (Cont'd) 

(6000 LB. WARHEAD, 1000 MILE) 

The method of "staging" of the proposed missile is novel 
inasmuch as no "booster stage” fuel tanks are droppod. 
To go from the booster stage to the final stage, only 
power plants snd pressurizing equipment, fins and aft 
body fairing are dropped. This feature greatly simpli- 
fies the problem of separation between stages. 

АТЕЧНАМЕ 

Aft body sections are fabricated of riveted aluminum alloy 
sheets on ring type stiffener bulkheads. 

Forward body section which consists of tho two propellant 
tanks is of welded aluminum alloy construction sufficient- 
ly reinforced to carry bending loads and support the warhead. 

Тһе tank section may be reinforced for handling loads by 
removable external ring bulkhesds, 

The aft section supports the fins and houses all stabili- 
zation, guidance, power plants and pressurizing equipment. 

All equipment and enzines belonging to tho final stage are 
supported directly from the tank sectlon on a tubular 
mount е 

the aft body. At separation, the entire aft body including 
fins and booster stage equipment, is dropped off, 

Fins of aluminum alloy riveted construction are rrcvídod 
Гог aerodynemio stability durin; the first part of the 
flight. Slow trim tabs are provided for correcting manu- 
facturing misalignments. 

POWER PLANT 

The booster stage power plant consists of four 20,000 1b. 
thrust swiveling units. 

The finel stage power plant consists of one 20,000 1b, 
thrust stationary unit surrounded by four 2000 16. thrust 
swiveling units. By shutting off the stationary unit, 
this arrangement permits reduction of the thrust before 
fuel shut-off from 28,000 lbs. to 8,000 lbs. while still 

| All booster stage ongines and equipment are supported from 

maintaining control. | 
l 

| 

| | | x 
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DESCRIPTION (Cont'd) 

(6000 LB. WARHEAD, 1000 MILE) 

POWER PLANT (Cont'd) 

Тһе propellants sre alcohol and 114014 oxygen. 

Propellant pressures are furnished by hydrogen peroxide 
(H202) stosm-drivon turbine pumps. Pressure for the liquid 
oxygen and НрОр tanks is provided by passing liquid oxygen 
through a heat exchenger on the turbo exhaust. Helium, con- 
tained in a spherical tank, is used for pressurizing the al- 
cohol tank for the first part of the powered flight. This 
tank drops off with the booster stege equipment. The helium 
баз already present in tho fuel tank at the time of зөряга- 
tion is sufficient to maintain adequate pressure for the ге- 
mainder of the flight. All engines sre operated at take-off 
thus eliminating the need for starting during flight. 

STABILIZATION AND GUIDANCE 

Due to the favorably location of the missile с.р, it is 
no longer necessary to locate stabilization and culdance 
equipment in the позе. Locating this equipment in the aft 
body presents the following advantages: 

Shorter wiring and coaxial cables eliminste both weight 
and undue power loss in ОНР equipment, | 

Accessibility is greatly improved for pre-fire check-out, 

The stabilization system proposed ія substantially the same 
аз that used in the МХ-ТТЦ test vehicle. Attitude and an- 
gular velocity in roll, pitch and yaw sre sensed by free 
and rate gyros, Electrical error signals from these gyros 
sre mixed with followeup опа íntegrel signals in the proper 
proportions, amplified апа fed to the solenoids of the con- 
trol valves, These valves regulate the flow of hydraulic 
fluid to the actuating cylinders which swivel the rocket 
mo tora, | 

Аз in the MX-T7T7l, alcohol pressurized by the fuel pump will 
be used for hydraulic fluid thus eliminating the need of a 
separate source of hydraulic pressure. 

The guidance system is described elsewhere іп this revort, 
All high voltage equipment subject to arcing at low pres- | 
suros will be enclosed ‘п ггөзбігісей containers, 

` 
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DESCRIPTION (Cont'd) 

(6000 LB, WARHEAD, 1000 MILE) 

WARHEAD 

The warhead which forms the nose of the missile is fitted 
with a conical shaped stabilizing tail to keep it from 
tumbling on re-entry. | 

As may be seen in the weight statement of Арропаіх A, the 
weight of tnis stabilizing skirt was not included in the 
6000 lb, warhead weight when used in performance calcula- 
tion. 

The warhead is secured to the tank section during flight 
and may be jettisoned at any time between fuel shut-cff 
and re-entry into the atmosphere. 

By the use of a suitable jettisoning device, it may be 
possible to make small corrections to the warhead velocity 
at fuel shuteoff, thus improving the accuracy at the target. 

The warhead shape and dimensions shown by the following | 
sketches may be changed to suit military requiremonts, 

ALTERNATE PAYLOAD OF 500 ГВ. 

By replacing the 6000 lb, warhead with a reduced paylosd 
this missile can be used as a long range research vehicle 
to explore many problems involved in extreme range missiles. 
Problems such аз guidance, warhead re-entry, upper atmosphere 
ic research, and investigations of such trajectories as the 
RAND proposed "glide" and "skip" trajectories can be carried 
on with minimum alteration of the basic missile. 

The range obtainable with a 500 16. payload is approximately 
26l; miles. | 

In a vertical trajectory the maximum altitude із approxi- 
mately 798 miles with a 500 lb, payload. 

„= 
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— 1 20,000 LB THRUST 
ENGINE 2ND STAGE 

HELIUM FOR ALCOHOL 
PRESSURIZING (JETTISONED) 

0l j SECRET 
же ке а ЗЕ -: DESIGN 

ООО MILE 
ROCKET TYPE MISSILE 

6000* WARHEAD 

DRAWING 

BY M Lees (een сда. APPROVED А [E Ag — [0ТЕ 23 

ПИШИТЕ ҮТЕ АШАЙ CORPORATION] © 548-3500 





M T аны 

ANALYSIS 

PREPARED BY 

CHECKED BY 

REVISED BY 

ERE 5 Ай ЖЕКА V. 
#1 CM аг = Е © E 3 - : ыг BL ! ` 271 аз... 

LA CONSOLIDATED VU EE AIRCRAFT CORPORATION РАСЕ / сг 

P REPORT мой РАД. ‚ч | ! ( зап Шеро DIVISION те - 

SEC КЕТ рАТЕМбу, 23, 194 

GUILANCE AND CONTROL 

GENERAL DISCUSSION 

(а.) 

(b.) 

Trajectories 

The flight of an over-the-atmosphere rocket .1ssile may 
be divided into three phases: 1) a powered phase, 2) a free- 
flight phase and 5) а re-entry phase. А lsrge part о: the 
powered phase and all of the frec-flight phase are conducted 
above the effective height of the earth's atmosphere. 

Тре powered phase lasts less than five minutes, curing 
which time the missile travels perhaps 100 miles toward the 
target and reaches an altitude of approximately 100 miles, 
After rising vertically a few seconds the miss: le із caused 
to follow a curved path to enter the free-flicht phase in 
the proper direction and angle of climb, Рог purposes of 
discussing guldance and control the path during powered flight 
may be considered similar to that s!.own in Fig. 1. 

Upon shutting off of fuel and termination of powered 
flight, the missile enters the free-flight phase. From the 
time of fuel shut-off until it returns to the atmosphere in 
the vicinity of the target, the miss!le is in free flirht 
constrained only by the earth's ¢ravitattonal field. Its 
Path is a Kepler ellipse with one of the foci at the earth's 
center, and is subject to the same lawa of celestial mechanics 
аз a Satellite except that its elliptical orbit intersects the 
earth's surface at two points, one near the launching point 
and the other at the target. (A complete treatment of this 
subject is contained in Hef. 1, App. B, Calculation of Long 
Range Trajectories, CVAC Report No. ZN-6002-010.) 

Ihe third phase of flicht commences when the missile 
trajectory re-enters the effective atmosnhere and is acted 
upon by aerodynamic forces. Тһе missle is slowed down there- 
by and its path deviates a predictable amount from the free- 
flight Kepler ellipse. 

The Aiming Problem 

The weighting of the various factors entering into the 
determination of the aiming direction and range of a long 
range projectile-type missile are somewhat unconventional. 
гог example, in ordinary artillery firing the rotation of the 
earth, the variation of gravity with elevation, апа the earth's 
curvature аге of secondary importance. Where the range is 
greatly increased over conventional artillery problems these 
factors, however, are the principal ones which govern the 
behavior of very long range projectile-type missiles such аз 
the ых-77А. 
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GUIDANCE AND CONTROL 

GENERAL DISCUSSION 

(a.) 

(b.) 

Trajectories 

The flight of ап over-the-atmosphere rocket .lssile may 
be divided into three phases: 1) а powered phase, 2) a Ггее- 
flight phase and 5) a re-entry phase. A large part ог the 
powered phase and all of the frec-fllght phase are conducted 
above the effective height of the earth's atmosphere. 

The powered phase lasts less than five minutes, curing 
which time the missile travels perhaps 100 miles toward the 
target and reaches an altitude of approximately 100 miles, 
After rising vertically a few seconds the missile ts caused 
to follow a curved path to enter the free-flight phase in 
the proper direction and angle of climb. For purposes of 
»Scussing guidance and control the path during powered flight 

may be considered similar to that s!.owm in Pig, 1, 

~ Upon shutting off of fuel and termination of powered 
flight, the missile enters the free-flight phase. From the 
time of fuel shut-off until it returns to the atmosphere in 
the vicinity of the target, the missile 18 in free flirht 
constrained only by the earth's ¢ravitattonal field. Its 
Path is a Kepler ellipse with one of the foci at the earth's 
center, and is subject to the same laws of celestial mechanics 
аз a satellite except that its elliptical orbit intersects the 
earth's surface at two points, one near the launching point 
and the other at the target. (A complete treatment of this 
subject is contained in Hef. 1, App. В, Calculation of Long 
Range Trajectories, CVAC Report No. ZN-6002-010.) 

The third phase of flicht commences when the missile 
trajectory re-enters the effective atmosnhere and is acted 
upon by aerodynamic forces. The missle is slowed down there- 
by and its path deviates а predictable amount from the free- 
flight Kepler ellipse. 

The Aiming Froblem 

The weighting of the various factors entering into the 
determination of the aiming direction and rance of a long 
range projectile-type missile are somewhat unconventional. 
гог example, in ordinary artillery firing the rotation of the 
earth, the variation of gravity with elevation, and the earth's 
curvature аге of secondary importance. Where the range is 
greatly increased over conventional artillery problems these 
factors, however, are the principal ones which govern the 
behavior of very long range projectile-type missiles such аз 
the 8Х-ТТЇ. 
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GUIDANCE AND CONTRCL (Cont'd.) 

(b.) The Aiming Problem (Cont'd.) 

The missile follcws an elliptical path иш сп lies in а 
plane passing through the center of the earth, but not rota- 
ting with the earth. While the missile is in flight above the 
atmosphere the earth turns under 1%. 

Because the earth is rotating, it is necessary to aim the 
missile - not at the point оп the earth where the target is 
located - but at the particular point in Space where the target 
will be when the missile arrives. Other factors such as local 
variations in the earth's rravitational field have smaller but 
important effects on the aiming point. (These problems are 
discussed in detail in Ref. 1, App. B.) 

(с.) General Approach to Guidance 

A study of celestial mechanics shows that, for a given 
elliptical free-flight missile path, the magnitude and direc- 
tion of the velocity vector at any point along the path is a 
determinant. The problem of guidance, then, resolves itself 
primarily into the precise adjustment of magnitude and direc- 
tion of the velocity vector of the missile in relationship to 
its predetermined position at the instant of fuel shutoff. 
rrom the standpoint of the actual control technique, the 
problem is that of precisely directing the missile's velccity 
vector and shutting off rocket fuel in such a manner that its 
vector reaches a value corresponding to a point on the desired 
ell ірзе е 

Іп the proposed system, the шіззі1е will Бе controlled by 
primary and secondary guidance systems, the functions of. which 
are supplementary. A block diagram of the proposed system is 
shown in Figure 2, 

The secondary system is similar in principle to that used 
by the Germans in the A-4 (V-2) missile in that it consists 
of an automatic pilot which contains а preset flight program, 
The automatic pilot consists of the missile stabilization 
system to which is added integrating accelerometer control of 
fuel shut-off. This equipment is capable in itself of control- 
ling the missile during any inoperative periods of the primary 
guidance equipment; however, the accuracy of control provided 
is insufficient to meet the exacting specifications prescri bed 
for this missile. i 

The primary guidance system employs radio equipment 
locatec both within the missile and at a remote control station 
situated on the ground. Since the flight of the missile will 
at all times be under control of the automatic pilot, the radio 
guidance equipment will steer the missile by injecting signals 
into the automatic pilot equipment. The automatic pilot 
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GUIDANCE AND CONTROL (Cont!d.,) 

(са) | General Approach to Guidance (Cont'd.) 

ortion of the guidance system is capable of correcting an - Y p 2 2 
rapid deviations of the missile from the prescribed path, where- 
as minute errors which micht persist for a longer period of time rẹ- 

(а.) 

sulting in curmlative errors within the automatic pilot equip- 
ment will be readily detected and corrected by the primary ruid- 
ance equipment. 

The primary guidance system employs tracking, computer 
and comnand equipment. Іп operation, the trackins system 
observes the missile's behavior precisely. The computer is 
used to compare the observed behavior of the missile with its 
predicted behavior or flight ргосгат, and to determine the 
nature and extent of any corrections found necessary to direct 
the missile towards the target. The resulting information is 
conveyed by means of radio command to the missile where it is 
injected as steering signals into the stabilization system. 
If for any reason the radio command signals from the remote 
control station should fail, the missile will continue to the 
tarset region with whatever accuracy is inherent іп the auto- 
matic pilot, improved by whatever command sirnals may have been 
received from the remote control station prior to failure. 

Figure 1 із a sketch of the missile's flight program dur- 
ing the powered portion of its flight. As mentioned earlier, 
the missile is at all times under control of the automatic 
pilot which, during the period of the missile's initial launche 
ins, provides its only control. When the missile rises above 
the radio horizon at the remote control station, the tracking 
equipment begins to function by "following" the missile. This 
surveillance phase continues long enough for the computer to 
achieve smooth operation. Thereafter the remote control sta- 
tion transmits any commands found necessary to maintain the 
missile on а precise course. A short time before the missile 
reaches terminal velocity under full acceleration, the second- 
ary guidance system reduces the thrust, Final precise commands 
are then received fron the ground station, after which the mis- 
311е proceeds under the internal control of the automatic pilot 
only. When the necessary additional increment of velocity has 
been acquired, the last stage of thrust is completely cut off 
by the internal accelerometer. The missile finishes its flight 
as a free projectile. | 

Ргесізіоп Tracking Reguirements 

The major problem in guiding ballisticetype long range mise 
311ез is tracking them with sufficient accuracy. The require- 
ment in determining the magnitude of the missile's velocity vec- 
tor so as to shut off rocket fuel at the instant the desired 
velocity is attained is notably stringent. To meet the accuracy 
specification of striking within а 2,500-foot radius of a tare 

get at 1,000 miles range, six flight parameters mist be held 
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(а.) Precision Tracking Requirements (Cont'd.) 

within the limits tabulated below. Guidance errors at the 

fuel shutoff point are discussed in terms of missile tracking 

requirements in an analytical report, Selection of Guidance 

System for МХ-774 Missile, СУАС Report No, DEVF-4052,  (Ref,2, 
App.B) The error equations for all factors of the elliptical 

free-flicht path are derived and discussed in detail in Kef.l, 

Арр.В. These limits are taken for simplicity as the error in 

any one factor which, if the other five were kept zero, would 

result іп а target error of 2,500 feet at 1,000 miles range. 

MISSILE GUIDANCE ERRORS WHICH INDIVIDUALLY WOULD CAUSE A 2 500% 

FOOT ERROR AT THE TARGET AT 1,000 MILES RANGE: 

MISSILE VELOCITY VECTOR FUEL SHUTOFF POSITION 

Magnitude|Azimuth Angle|Elevation Angle|Porward Sideways] Upward 
or 

Backward 

3 ft/secl(0.03 degrees) | (0.02 degrees) [0.5 mile} Miles 

E d The above tabulation of flight parameter limits emphasizes 

the accuracy requirements in controlling missile velocity. 

Since the missile velocity is approximately 10,600 feet per 

second for 1,000 miles range,the measurement of velocity must 

be made with an accuracy better tnan one part in 3,200 (0.03%). 
In order to achieve this accuracy the missile must be tracked 

continuously during the powered phase with precision,  Conse- 

quently, this guidance proposal emphasizes primarily the Radio 

Phase-Comparison Precision Tracking System developed by CVAC 

under the original provisions of the MX-774 missile contract 

and presently being applied by CVAC in general principle to 

development of the MX-770 missile guidance system, (See App.B 

for further description.) 

(е.) Pin Point Guidance 

Regardless of the inherent precision of any ballistio sy- 

stem, the hitting accuracy can be no better than the knowledge 

of the target location, Particularly іп the cass at long range, 

map errors and lack of agreement between coordinate systems may 

introduce considerable discrepancy between the assumed target 

position and actual. The lack of agreement between various | 

detailed map systems throughout the world imposes an additional 

burden for the guidance of long range missiles. This difficulty 

| has also often been encountered in long range artillery. Usue 

| ally artillery fire control utilizes "spotting" to increase the 

ER асс'гасу and achieve a final vernier adjustment for pin point 

| hits, This same principle in vernier guidance ог fire control 

| may be applied to ballistic missiles. Рог example, ап observa- 

| tion plane flying аб an altitude slightly in excess of 50,000 
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Pin Point Guidance (Cont'd,) 

feet could perform a spotting function for missiles being dropped. 
into a target at a distance of about 250 miles from the airplane. 
Іп other words, for а 1000 mile missile an observation plane 
could be used at a point approximately 750 miles from the launche 
ing site in the direction of the target, The use of such ап 
observation plane Гог spotting has many obvious tactical disade 
vantages, such as vulnerability to enemy action and the difficule- 
ty of performing accurate spotting in all types of weather and 
the relay of inlormation back to the launching site. 

The ballistic missile offers in itself a very interesting 
possibility for performing its own spotting function. A missile 
of considerably lighter weight and consequently a less expensive 
unit would be used for the spotter missile. It would fly the 
trajectory and use the same guidance equipment as the tactical 
warhead equipped units. At the point of re-entry into the atmos- 
phere, the radar repeater equipped with a ribbon parachute would 
be jettisoned. The war-head would be 6quipped with a small packe 
et of "shaft" or "curtain" which would be immediately detected 
by the radar upon detonation of the war=head. The location of 
the shaft and extent of explosion of the war-head would be i1ndi- 
cated by the partially suspended radar in relationship to other 
radar images or fixes in the target ares, This information 
would be repeated back to the launching point so that vernier 
adjustments on the control guidance could be accomplished beíore 
iiring the main salvo. 

АС ranges greater than 1000 miles, it would probably be 
necessary to utilize an intermediate relay in order to convey the 
radar repeater spotter information back to the launching site. 
This would impose considerable technical difficulty, but no new 
basic principles are involved, 

For ranges approximating 1000 miles over land, seismographic 
methods of spotting initial trial rockets could be usec. Іп 
event the target was adjacent to a large body of water, which 
comprised the bulk of the intervening path, seismographic methods 
could be used over considerably greater гаплев, 

The use of some form of spotting or observing: trial shots 
in order to assist in the vernier with adjustment of the guidance 
system before final salvo, would greatly enhance the accuracy. 
It appears reasonable from a detailed consideration of the missile 
guidance system and trajectory studies, that the flight path 
dispersion would be sufficiently small to favor this method for 
achieving pin point accuracy. 

Guidance Of A Projectile-Type Missile А Glide Or Skip Path 
The development of a lide or skip path missile requires that 

all the propulsion, stabilization and guiĉance of а ballistic patn 
missile be engineered first, since the ballistic.technique must 
be utilized in accelerating the «liding missile and initially Бо 
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A Glide Or Skip Path Guidance Of А Pro!ectile-Type Missile Alons 

placing it on the proper path. Consequently, engineering а 

1,000-mile ballistic missile automatically results in a tactical 

weapon potentially capable of more than twice its orisinal range 

upon the development of adequate stabilization and guidance teche 

niques for the added fli-ht parameters, 

The chart given on pase@shows a comparison of the cuidance 

methods which are potentially applicable to each of the two mise 

sile types. Of inmediate note is the fact that the launching 

guidance methods applicable to the glide or skip path are basice 

ally identical to those applicable to the ballistic path. The 

clide missile requires, in addition, systems of midcourse and 

terminal guidance to place it on the target within the desired 

nit radius. Near the conclusion of the engineering program Гог 

the 1,000-mile tactical ballistic missile, developments to date 

in the midcourse and terminal guidance fields charted on page 24 

would be analyzed critically and comparatively to select the рго- 

рег developmental approach to the glide and skip path guidance 

problems. 
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BALLISTIC TRAJECTORY 

MOST INVULNERABLE-DIFFICULT ̀  
TO INTERCEPT OR JAM 

EXTERNAL 

Control by Command, 

Precise Adjustment of Velocity 

Vector, 

Measurement of Azimuth and 

Elevation by Phase Angle 

comparison, 

Range апа Velocity directly 

obtainable by Doppler Methods, 

All basic principles known 

and Prototype Equipmert used 
to successfully guide C-46 
Airplane in 1947. 

Present system capable of 1 
mile in 1000 accuracy. 

Modifications for improving 
accuracy to 1 mile in 5000 
have been determined and are 
practical, 

INTERNAL 

Integrating Accelerometers соп- 

trol Missile. 

Subject to Cumulative Error 

which may be serious if carried 

over long time periods. 
(minutes) 

Requires a Stable Platform of 

very high accuracy if no 
External Guidance is used, 

System is one of the most de- 
sirable from Antiejam qualities. 

Good prospective system for 

future » particularly when 

coupled with an External System, 
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E. MISSILES 

MID COURSE 
|. GUIDANCE 

jectory requires Guidance along 
ion of the Flight Path. Either 
External System may be used for 
Phase, 

Lplieable for 1000 mile range ~ 

! f this t bject to Вие st зна ле — 
hich ae be Applicable for 

' Ranges (1500 miles) - 

ES dia to jamming and 

| possible positional ambiguities. 

pe of missile. Limitations of 
vertical eto, are the same for 
for others. 

гар Methods may also be ape 

ternal Integrating Accelerometers 

nded for use in this type mis- 
f the long time intervals in- 
e for large Cumulative Error, 
ot immediately applicable, It 
of the most Jameproof and has 
in time of being one of the 

pt universal systems, 

ic Guidance System Tests have ге- 
peth width accuracies „ Since 
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GLIDE OR SKIP PATH-TRAJECTORY 
LONGEST RANGE FOR 
GIVEN MASS RATIO 

TERMINAL 
GUIDANCE 

This type of Trajectory practically demands some form of 
Terminal Guidance, one of the most difficult phases of 
guidance, Terminal Guidance in general requires some 
unique characteristic of the target. It is difficult to 
isolate and define any unique quality which may be conmon 
to any and all desired targets. Listed below are some 

of the Terminal Guidance Methods which might be applied 
to a missile of this Ve 

Radar 

Radar Target Seokers аге most applicable against iso- 
lated targets such as ships, airplanes etc, Without 

rather complicated auxiliary devices they sre not in 
general suitable for use against cities and similar land 
targets. (Зее Map Matching below) Radar Type Target 
Seekers are a very excellent choice if it is practical 
to plant Beacons in the Target Area. Coded units could 
be planted by Ground Agents or Dropped by Air. 

nfra-Red ` 

In general Infra-Red Seekers are too slow and insensi- 

tive for satisfactory application. Further, with exist- 
ing types it is difficult to obtain satisfactory defini- 
tion of targets from the background. 
ly true of cities. 
bilities for future development. 

Мар Matching 

This is particular- 
However, it offers definite possie 

Optical methods of Map Matching or Seekers which use 
Visual Spectrum are very limited in their utility and are 
vulnerable to camouflage > In general not recommended for 
this application. Map Matching and Offeset Matching when 
applied toja Radar Seeker offer the best solution in this 
class of Terminal Guidance Equipment. This method in 
general requires considerable reconnaissance of the tar- 
get area and vicinity. 

Magnetic Signature 

It has been observed that Metropolitan and Industrial 
Areas possess characteristic Magnetic Anomalies, These 
аге in general very unique for each locality and are тіг- 
tually impossible to hide or disguise, For Targets of 
Industrial or Metropolitan nature, this characteristic 
Magnetic "Signature" offers a very excellent possibility 
for Terminal Guidance of missiles of this class, 
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о а заведе: 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION MopeL MX-774 

SAN DIEGO, CALIFORNIA DATE 23 Nov 1948 
SECRET 

SECONDARY 
PHASE COMPARISON COMMAND GUIDANCE SYSTEM STEERING 

RADIO CONTROL (AUTOPILOT 8 JET 
REPEATER RECEIVER INTEGRATING ACTUATORS 

ACCELEROMETER) 

PRECOMPUTED 

TRAJECTORY 

PARAMETERS 

PHASE 

COMPARISON COMMAND COMMAND 
SIGNAL COMPUTER 

TRANSMITTER 

SIGNAL 

TRANSMITTER 

ANTENNA BASELINE 

RECEIVERS 

a 

SIGNAL 

FILTER 

SYSTEM 

POSITION 

VELOCITY & 

ACCELERATION 

COMPUTER 

RANGE 

PHASE 
FROM ALL 

ANTENNAS COMPARATORS 

ANTENNA BASELINE шаг 
AZIMUTH 8 

ELEVATION 

ANGLE 

PHASE 

GOMPARATORS 

POINTING 

CONTROL TO ALL ANTENNAS 

FIG. = — BLOCK DIAGRAM OF PRECISION TRACKING AND GUIDANCE SYSTEM 
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TESTING FACILITIES 

Proposed static testing facilities consist of additions to 
the present MX-774 static test site at Point Loma, This site has 
proven to be very efficient. Existing blockhouse, water supply, 
electrical power, and roadvays сап be utilized, 

Ihe tower and supporting gimbal allows approximately ten 
degrees freedom of pitch, yaw and roll, Тһе proposed tower 18 
constructed in the sections and is located on a circular cement 
slab used аз a thrust deflector. Fire fighting and cooling water 
Supply controls are located in the blockhouse, Instrumentation 
located in спе blockhouse is connected to the missile through а 
tunnel, Electric hoists are provided Гог lifting the missile and 
for elevating personnel and equipment. 

Existing testing facilities located on the Harbor shore at 
San Diero also, are available for component testing. 

4 : | | | GO 241-1 
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FUTURE DEVELOPMENTS 

The potentialities of the ballistic type охуреп-а1сопо1 powered 
missile are limited. To demonstrate these limitations a study was 
made of а 6,000 pound payload, 250,000 pound gross weight alcohołe 
oxygen missile which is considered to be the maximum size practical 
with present day engines. А calculated range of 2113 miles, based on 
the weight statement shown on page 34, was obtained, The config- 
uration upon which this performance із based is similar to that of the 
6,000 lb, 1,000 mile missile described in Аррөп4їх-А, Тһе power 
plant would consist of five (5) V-2 type engines of 75,900 pounds 
thrust each such as are now under development by North American 
Aviation Inc. 

2 
Several avenues are worthy of investigation in ap roaching the 

ultimate goal of delivering а 6,000 pound warhead 5,000 miles. Those 
showing most promise at present include: (1) development of new fuels, 
and(2) investigation of "glide" and "skip" trajectories as proposed 
in Project RAND. 

e 

зи New Fuels: 

The obvious advantages of hich specific impulse fuels 
warrant thorough investigation of all possibilities along 
these lines, Design studies have been made of missiles 
based on Boronhydride and Hydrogen-Oxygen fuels capablo of 
delivering 8 5,000 pound warhead 5,000 miles. The config- 
urations used in these studies are presented in CVAC Report 
DEVF 1196-11. Further studies indicate а Hydrogen-Oxygen 
missile of 117,400 pounds gross weight capable of delivering 
а 5,000 pound warhead 5,000 miles on a ballistic trajectory. 
Page 33 gives a weight statement for this missile. Ву the 
use of a "glide" or "skip" trajectory as discussed in the 
following paragraph, a much lower gross weight can be ех- 
pected, Project RAND Report RA 15064 indicates that with 
the use of the "glide" trajectory an 82,000 pound Hydrogen- 
Oxygen missile will deliver a 6,000 pound warhead 5,000 
miles. 

ба Trajectory Investigation: 

As indicated in Project RAND investigations, "glide" and 
"skip" trajectories may result in considerably increased 
ranges over the ballistic type trajectory. A preliminary 
check indicates that the range of the 1,000 mile, 6,000 
pound warhead missile described in Appendix "A" may be more 
than doubled by ysing the "glide" trajectory. Gains of even 
greater proportions may be expected with longer range 
missiles, 
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FUTURE DEVELOPMENTS (Cont! а) 
“Ж 
ub 

| | 2, Trajectory Investigations (Cont'd) 

Thorough aerodynamic and guidance studies will be required 
to fully utilize the potentialities of these trajectories. 
The very high velocities and extreme low densities involved 
make presenteday wind tunnel techniques inadequate for the 
study of aerodynamic characteristics of this type missile. 
Gathering of aerodynamic data by means of flight test models 
is then indicated. Such models could be launched from the 
МХ-ТТЦ test vehicles, 
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WEIGHT STATE | 

TENT 

І.“ 

HYDROGEN-OXYGEM MISSILE 

000 LB WARIEAD = ООО HILES 

TAKE OFF WEIGHT 

PAGE XX 
REPORT МОЁГ-1/-2520 
MODEL 
DATE 

2nd STAGE WEIGHT 

Warhead 
+ Ht, Protection 6750 6750 

Fixed Equip, 2035 620 

ча. AM coe Сэ : 
structure 0295 2050 

Power Plant 2620 670 

Wt. Empty 20,700 10,500 

Puel 96 y TOC 20,100 

Gross Wt, 117,400 1051,00 

- VELLUM 357 
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WEIGHT STAT МЕНТ 
ma Re = Өвс mua oe ul s). 

250,000 POUND ALCOHOL-CXYGEN 

TWO STAGE MISSILE 

TAKE OFF WEIGHT 

| 3 | Payload 6570 6570 

| Body Group 6090 5210 
1 Power Plant 9600 2250 

| Fixed Equipment 1050 220 

_ Weight Empty 25,540 14,160 

| Fuel 126,660 27,240 

| | Gross Weight 250,000 12,900 
| 

| Wt. at End lst 
| Stage 51,170 

m3 bebe 

mo 194 

mj m2 EPE, 
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BCONOMICS OF ROCKET TYPE MISSILES 

Evaluation of missiles on the basis of overall 

PAGE $6 
REPORT NO. 2Р-48-350( 
MODEL 
DATE 11/23/48 

gross weicht 

required to accomplish a given mission is misleading if the cost 
per ton mile of explosive delivered is to be considered. This 

type of evaluation fails to take into account the fact that a very 
large portion of the total gross weight of a rocket type missile 
consists of fuel which costs much less per pound than air frame, 
guidance, power plant, etc. Thus, a rocket missile can have a 
mich higher gross weight than other types and still cost no more 
to fire. 

To illustrate the effect of the total gross weicht breakdown on 
cost, а preliminary design was made Гог а rocket-type missile to 
carry a payload of 3,000 pounds a distance of 1,000 miles, This 

design study is compared to а similar missile now being designed 
under Project МХ-770, The cost per pound used in this comparison 
for air frame, power plant and guidance represents an estimate of 
costs that could be made good аб the present time in lots of 100 
missiles. 
the guided missile field. 
rent prices іп car load lots. 
shown in the table below, 

Ew Cost | Weight к 
08 Lbs e 

Airframe ` 27.00 
Power Plant 30.00 * 000. 00 

Guidance 100.00 $0 000100 

Payload 

Total We Empty 

, Oxygen 
‘Alcohol 1,715.00 

126.20! 

These estimates are based ол СУАС experience to date in 
The cost of propellants represents cur- 

The results of this comparison are 

MX-770 

285,000,00 | 
72,000.00 
33,000.00 

Total Fuel З з9,500 | $ 2,703.00 | 29,795|$ 1,607.00 

за 

46,261 | $184,403.00 DER 00 

In order to study the place of the rocket powered missiie in 
the long range missile field when improved fuels and improved tra- 
jectories are developed, a comparison Гав been made with 

. Btudies now under way on Project МХ-775. 
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Tre first comparison is between a 5,90) pound payload, 5,000 

mile range, twin-engine, turbo jet powered, delta wing missile and 

а hydrogen-oxygen powered rocket type missile flying a true ballis- 

tic trajectory. The price assumed for the turbo jet engine assumes 

that the same engine would be used in piloted aircraft and that 

guantity production engines would be available for the first 100 

missiles. The orice assumed for hydrogen is taken from Rand studtes 

and represents deliveries in large quantities. The cost of launch- 

ing the turbo jet powered missile has been completely neglected and 

will add materially to the cost of this type missile. 

In order to evaluate the effect of perfecting the maximum L/D 
glide power trajectory on the cost of delivering the 5,900 pound 

payload а distance ог 5,000 miles, а hycrogen-oxygen powered, wing- 

less missile was ріскеё from the Rana study report RA-15964. This 
missile 18 compared with both the turbo jet missile and the hydrogen- 

oxygen ballistic trajectory missile in the table on page 38 
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PNTRODUC TION 

Appendix A presents numerical data апа methods of analysis 
on which the design and performance of the 6000 1b,, 1000 mile 
missile were based, It consists of weight and balance data, sta- 
bility and pressure distribution analysis, structural analysis 
апа performanoe computations, Obviously all the above analyses 
аге mutually interdependent, the results of each one depending 
on the results of the others, Inasmuch ss this work was done in 
а very limited time, and inasmuch as а design of this nature is 
the end result of a series of successive refinements, slight dis- 
crepancies may appear between the various sections. It is felt, 
however, that these unavoidable discrepancies have an insignifi- 
cant influence on the final predicted performance, 
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(a) 

STABILITY AND CONTROL 

(6000 LB, WARHEAD, 1000 “MILE MISSILE) 

General 

The 6000 10, warhead, 1000 йі. missile has four modified 
arrowhead type fins for stabilizing surfaces. Since the тіз- 
slle is symmetrical snout the longitudinal sxis, it 1s equal- 
ly stable in yaw and in pitch, 

It was possible to design relatively small fins (15 за. 
ft. per panel on the booster stage) due to both the excellent 
aerodynamic characteristics of the modified arrowhead fin and 
the advantage gained in center of gravity position by placing 
the 6000 15, warhead 1n the nose of the missile. A minimum 
margin of static longitudinal stability of two percent body 
length at the most critical stability condition was used as a 
basis of determining the fin areas. 

The fins of this missile will be completely dropped along 
with four 20,000 pound thrust rocket motors and related equip- 
ment et the end of the booster stage of operation, The fins 
are not raquired in the final stage due to the forward position 
of the centen of gravity, thus causing the body alone to be 
stable without fins. It of course should also be noted that 
the very low density of the upper atmosphere would result in 
stabilizing surfaces being practically ineffective. 

The control system of the booster stage is composed of 
eight pivoted rocket motors that operate by the following 
schedule. 

Angles of Deflection 

Total Pitch Yaw Roll 

Pitch - Roll 

2 ( 2,000 1b.Thrust) Rockets 15° 5° 0 100 
2 (20,000 1b.Thrust) Rockets 59 29 0 3° 

Yaw 

2 ( 2,000 1lb,Thrust) Rockets 352 0 159 0 
2 (20,000 1b.Thrust) Rockets 29 0 29 0 
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STABILITY AND CONTROL 

(6000 LB. WARHEAD, 1000 MILE MISSILE) 

General (Cont'd) 

Tho final stage control system operates the sume as above 
less the 20,000 lb. thrust rocket motors which аге ejected at 
the eni of the booster stage. 

This method of control has proven very effective on the 
MX=77) test vehicle flights conducted by Convair. 

The large pitch and yaw control rockets are limited to 
two degree deflections in order to limit the maximum trim 
angle to three dogross at the point of maximum dynamic pres- 
sure, for structural reasons. 

The roll control rockets аге capable of trimming out roll- 
ing moments inducted by misalignment of the fins due to шапа- 
facturing tolerance аз well as compensating for outside wind 
disturbances which might tend to roll the missile, 

Normal Force and Center of Pressure Characteristics ا ure упагас teristics 

1. Body 

The lift distributions over the body at various Mach num- 
bers were estimotad from the theoretical linsarized mothod 
presented іп reforenoe 1. The lift distribution is ropre- 
sented by a plot of FnRn vs X (see page41 where 

Eg 22 | = z A Py Rex 

Ihe center of pressure is easily obtained by 

Ха. В SHRANK 
2 Ч РАНА 

whers FnR Xa vs X is obtained from page 48 and В is the | 
maximum radius of the body (38 inches) and Í is the body 
length (Tl, inches). | 

Plots of center of prassure location aft of the nose, Хв 
and normal force coefficient, dCy Ax, versus Mach number 
for the body alone sre presented оп раде 49 " 
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STABILITY AND CONTROL 

(6000 тв. WARHEAD, 1000 MILE MISSILE) 

(b) Normal Force and Center of Pressure Characteristics (Cont'd) 222—892 20109 апа venv9or OF ггеззаге Characteristics 

2, Fin 

2° 

GO 241-1 - VELLUM 357 

The fin normal force and center of pressure characteristics 
were calculated by the method outlined in reference 2. Howe 
ever since these calculations did not include the increase 
indCy. /дж due to body carry-over, the above calculated 
values were increased by a conservative factor of 1.1 (seo 
reference 5) to account Гог the added offect, 

Plots of center of pressure location forward of the base, 
Х./4» and normal force coefficient of опе fin dC. /d« versus 
Mach number for fin alone are presented оп pago 60. 

Complete Missile 

The center of pressure location can be calculated by taking 
moments about the center of pressure of the Fit, ог 

ess СЕЕ wi dou ды „ ЖЕ 
X 2. ас, /d« + аСнь /d« ў 

The variation of center of pressure with Mach number for 
the complete missile is presented on page 5] along with 
the variation of center of gravity. This shows the margin 
of static longitudinal stability of various Mach numbers, 

Trim Angles of Attack 

The trim angles of attack for the booster stage were cal- 
culated with full rocket deflection of 29 per rocket for 
maximum range conditions by 

СС 4 = Cms. trim аса da 

where Cy, = TisiN (Хсе- X5) 
d q Зва 

"aA сше, Гана жасым а) X 23) 
до хэсэг ага аараан ыл Маня 
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STABILITY AND CONTROL t 

(6000. LB. VARHEAD, 1000 MILE MISSILE) 

(b) Normal Force and Center of Pressure Characteristics (Cont'd) 

№. Trim Angles of Attack (Cont'd) 

Т] = 40,000 1b, 

Sp = 51,5 sq.ft. 

d = 6.22 Рб. 

Хс.&.= distance from base of bouy to C.G.-ft. 

X = distance from base of body to C.P.-ft. 

The variation of trim angle of attack with Mach number is 
presented on page 53. 
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STABILITY AND CONTROL 

(6000 LB. WARHEAD, 1000 MILE MISSILE) 
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—— ee eee шы. 

WEIGHT JUSTIFICATION AND ANALYSIS 

y The 6000 1b. warhead, 1000 mile range missile 13 estimated 

x at а gross weight (Stage I) of 73,484 108, and at а съд. of 405.7 

} inches from the nose (Sta. 0). Gross weight at Stage II is 16,351 

| 108, аба Cege of 417.8 inches, 

Weight empty including payload of 6,210 lbs. (Stage I) is 
estimated to be 11,511 108, and 8,785 lbs, including payload for 
Stage ce 

An analysis of the weight empty estimate by groups is as 

follows: 

(1) Warhead and Skirt 

The warhead (6000 lbs.) including сазе and explosive 
із Government furnished, while the skirt (240 lbs.) 
is C.V.A.C. fabricated of „250 steel апа .0(2 alclad. 

(2) Body 

The body is С.У.А.С, fabricated and consists of ап 

oxygen and an alcohol tank of .072 alclad based upon 

preliminary stress computation and ап aft ог cowl 
section also of „072 alclad.  Bulkheads, fittings, 

supporting structure, etc. were ratioed directly from 

the model МХ-77\ wherever possible. 

(5) Fins | 

Estimated at 2.5 lb,/sq,ft, Гог 60 sq.ft. 

(l) Power Plant | 

Vendor furnished weights, compared with existing model 

МХ-ТТЦ weights, were used for purchased items. C.V.A.C. 
supporting structure, hydrogen peroxide and helium 

tanks, plumbing, and miscellaneous were ratioed from 

the model мх-ТТ. | 

(5) Equipment 
Electronic weights are from vendor's specifications, 
Controls in part are based upon the МХ-Т7ТЦ. The war- 
head ejection mechanism and miscellaneous structure 

аге C.V.A.C. estimated. 

| 
| 

| GO 241-1 . VELLUM 357 

SECRET 
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О О 

99.0 
C.G. Warhead 

152 

170 

192 

БОХ съб, 
317,0 
SI7.60 

engs. otage С.б. 

250 1st.Stage б.б. 

‚072 Alum 

532 
Alcohol С.в. 

SECRET 

REPORT NO. ZF -48-350 

APPENDIX | 
31-23-48 
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REVISED ВУ - — DATE Моу,25, 194 

GROSS WEIGHT SUMMARY 

(6000 1b Warhead, 1000 Mile Missile) 

STAGE I STAGE II 

Weight Arm Moment Weisht Arm Moment, 
Gross Weight م ed 

С 73484 2 405.7 29809337 16251 517.8 5196790 

Weight Empty (11544) (338.6) (3840773) (8785) (231.6) (2034915) 

Payload 6240 101.6 654080 6240 101.6 654080 

^ Body 1374 479.2 658455 1129 432.1 487865 

Эф г Fins (4) 150 717.0 107550 - - - 

Power Plant | 2997 691.7 2075040 1059 660.9 686654 
Equipment | 585 630.7 567670 377 600,5 226518 

D a 

Ж» a (62140) (417.9)85968564) (7566) (417.9) (5161875) 

“Hydrogen Peroxide 1243 680 845240 151 680 102680 

Liquid Oxygen ` 33832 317 10724744 4119 317 1305723 

Alcohol 27065 532 14398580 3296 532 1753472 

| 
| 
| 
| 
| 

| 
| 

| 
| 

в. 
SECRET 

GO 241-1 - VELL IM 357 
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STRUCTURES 

Loads Ana lyse 8 

An analysis will be shown here of the loads on the missile. 
Loads will be shown for maneuver condition only. Gust condition 
has been investigated Гог the 3000 lb warhead missile and found to 
be not critical. Computations and loads for gust condition are 
Shown in appendix B of this report. 

Loads are shown for the most critical portion of the flight 
path from which the most critical point is selected, 

Shear and bending moment tables are presented for the critical 
condition. Stresses and margins of safety are shown for obviously 
critical sections of the missile body to indicate the feasibility of 
the structural design. 

Maneuver Condition 

Тһе 6000 lb warhead, 1000 mile, rocket type missile is зуш- 
metrical about the longitudinal axis and therefore equally stable 
in pitch and yaw. Control is accomplished by means of eight pivoted, 
rocket type motors each of which may be deflected angularly by a 
definite amount. Four of these motors develop 2000 lbs. thrust per 
motor and four develop 20,000 lbs. thrust per motor. A schedule of 
operation of these motors for control is shown on page 4]. 

For the purpose of computing maneuvering loads, the effect 
of the 2000 lbs. thrust motors is small and will be neglected. 
From the above referenced schedule of operation, it will be noted 
that the maximum deflection of the 20,000 1Ъ thrust motors for yaw 
and pitch control is 2.00 degrees. The full deflection of both 
pairs ofmotors will be assumed for the critical maneuvering con- 
dition. Hence, the resultant loads on the missile will be those 
computed for maximum angle of attack in either pitch or yaw times 
the factor l.l. 

Ihe maximum angle of attack of the missile at any point on 
the flight path will be taken as 2 Ха" This assumption is 

вита is the limiting value of angle of 

attack for instantaneous deflection of the motors neglecting dampen- 
ing forces on the missile as it oscillates in its flight path. Since 
the idealized condition never exists the angle of attack will always 
be a value somewhat smaller than that used for computing the шапецуег- 
ing loads, 

conservative since 2 x X 

Ihe maneuver loads, therefore, are given by the following 
expression: 

| Load = $5 x 20да х Lili x $ x S 

> — h  .— — . „чь пои I . 
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Loads are computed for the critical region of the flight 
path and tabulated on page63. Тһе critical condition is selected 
from this tabulation and tables of shear and bending moment are 
prepared which include the effects of the air loads, rocket loads 
and the inertia forces required for equilibrium, 

To expedite the analysis the inertia loads used are those 
corresponding to the initial weight of the missile. As a result 
the shears and bending moments are slightly conservative since 
the loss of weight in the missile is near the cg while the air 
loads are greater toward the ends, . 
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OTA. 

440 

GO 241: VELLUM 357 

MANEUVER CONDITION 

BODY AIR LOAD DISTRIBUTION 

(6000# Warhead) 
М = 2.975 Alt. а 70,000' 

Ide Е 27,250 at station 252 
М = 6,867 ‚000"# 

I. LD xk 

100 0 

1400 56,000 

1500 104,000 

100 12,000 

2000 320 „000 

4500 900 „000 

4500 1,080,000 

4000 і 1,120,000 

4500 1,440,000 

5000 | 1,080,000 

1475. 590,000 

575 165,000 

SECRET 
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REPORT NO 4Р-48-350! 
MODEL Арр. A 

DATE 11/23/48 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

DIVISION San Diego 

SECRET 

UNIT INERTIA SHEARS & MOMENTS 

(6000 Lb. Warhead) 

1 ара кешес эш сес = 
o DM 

0| 100 x 405.6| 91.6 
) | 4,000 91.6 | 3664 

40| 900 4,000| 365.6| 743.2 3664 
40,000 854.8 | 35592 

44,000 | 525.6| 1323.8 57056 
2158.6 | 86344 | 
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80] 1800 | 
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4 1,625,480 
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15 
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PREPARED BY REPORT МОДР-1.8-2500: 

| CHECKED BY зап Diego Ба, море Аррепаіх А 
| REVISED ВУ SEC RET pate Nov. 25, 1948 

ний тъ 

STRUCTURES | 

(6000 15 Warhead, 1000 mile Missile) 

Propulsion and Operation Tanks 

This section analyzes the propulsion and operation tanks 
used in the 6000 15 warhead rocket type missile. 

The various tanks used, their general purpose and manner 
of loading are as follows: 4 

HELIUM TANKS; These tanks serve to pressurize the fuel 
tank and to operate engine control valves. 
They are analyzed for internal pressure 
loads only. 

HYDROGEN PEROXIDE TANKS: These tanks operate the pump 
turbines and are analyzed for internal 
pressure loads only. 

F ALCOHOL TANK: This fuel tank forms the body structure of 
the missile and 1з analyzed for body bending, 
axial and shear loads as well as for internal 
pressure loads. 

OXYGEN TANK: This oxidizer fuel tank forms the body 
structure also and is analyzed for body 
bending,axial and shear loads as well аз 
for internal pressure loads. 

One or more of the above type tanks are utilized as explained 
below. 

Two helium tanks are used. The tank supplying the pressuriza- 
tion for the fuel tank separates from the missile with the booster 
Stage. It consists of two spherical ends of radius 10 inches cone 
nected by а 15 inch flat cylinder. 

Working pressure 
Yield pressure 
Radius, R 
Length, 1 
Thickness of spherical ends, t 
Thickness of cylinder, t 

2,000 psi | 
1.25 (2,000) = 2,500 psi | 
10 inches 
15 inches | 
0,125 inches) Allow an O.80 | 
0.250 inches reduction factor 

| for thinning out| 
| 
| 
| 

x 

ОҒ material due 
to forming 

GO 24 -; VELLUM 357 
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ANALYSIS 
PREPARED BY 

CHECKED BY San Diego 
REVISED BY SEC RET 

Material 

, Ftu 

fty (spherical ends) 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

DIVISION 

pace 04 
REPORT мо -|8 -25005 
море: Appendix А 
DATE NOV, 29 , 1948 

4130 steel sheet 
150,000 psi 

135,000 psi 

125,000 psi P500. (10 
VE p 

M.S. = 15 СО та + .08 
» 

| L E 506 110) а fry (cylinder) = ысымы - 100,000 рз1 

135,000 
M.S = с 1 = 3.55 1222500 25222 

The spherical ends and 15 inch cylinder are welded together 
with butt joints as shown in the sketch on page 123 ОҒ APPC, 

Thickness of doublers, t = 0.125 inches 

Fry at weld = 60,000 psi 

fty = pam = 50,000 psi 

60,000 |. 
М.Э. ar 4.20 50,000 

The second helium tank operates the engine controls. It isa 
spherical tank of radius 5 inches. 

Working pressure . 2,000 pai 
Yield pressure = 41.25 (2,000) s 4,500 рві 
Radius, В 2-5 inches 
Thickness, t = 0.062 inches 
Thickness of doublers, t = 0.062 inches 

Material = 4130 steel sheet 

Least N.S. (ref. раве/24) = +.06 
Е APP. С 

Three hydrogen peroxide tanks are used. “ты first two tanks 
are of the same shape and are dropped with the booster stage. The 
tanks are formed by two spherical ends of radius 10 inches connected 
by an 10 inch cylinder. 

| 

Working pressure = 50 psi | 
Yield pressure = 1.25 (450) = 563 psi 
Radius, R = 10 inches 
Length, 1 = 18 inches 
Thickness of spherical Allow an .80 reductio 

ends, t 0.102 inches) factor for thinning 
Thickness of cylinder, t 0.250 inches he Де: of material due 

0 гард. j] 
| VELLUM 357 
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PREPARED BY 

СНЕСКЕО ВУ 

REVISED ВУ 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE TO 

Material 

REPORT NoZP-1,8-2500 San Diego DIVISION MODEL Appendix А 

SECRET DATENOV. 25, 1918 

61 3T, Fry = 25,000 psi 

fty (spherical ends) = 240 = 51,600 psi 

MiB. co Gee Жий 
24, мрежи 

fty (cylinder ) - 62 (10) T се. 200 pst 

M.S, = 35 28 «iz +457 

The spherical ends and 18 inch cylinder are welded together 
with butt joints as shown іп the sketch on page/230F APP С, 

Thickness of doublers, t г 0.250 inches 

Есу аў weld 

ley 

2 9,000 рві 

6 (10) 
27-1076:2557 = 8,000 рз1 

be e = 000 <=» = +. 2 Шай» 4 25507 1 = 1 

ti 

The third hydrogen peroxide tank consists of two spherical 
ends of radius 10 inches connected by a inch cylinder. 

Working pressure 
Yield pressure 
Radius, R 
Length, 1 

150 psi 
1.25 (450) = 563 pst 
10 inches 
l inches 

Thickness of spherical 
ends, t 

Thickness of cylinder, t 
Thickness of 

Material 

0.102 inches 
0,250 inches 
0.250 inches doublers, t 

61:37, Р 25,000 pst tye 

Least Мою e (ref. above 

calculations )= %.01 

 —— e сс ———— ee —=— -— 

SECRET 
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The alcohol tank is critical at body station 629. The section 
will be checked for the maximum body bending moment and axial load, 
and internal pressure existing at 70,000 ft altitude. 

В.М. = L 5507726 41:15. [Rete pare ё7) 

Тһе axlal load will be computed аз follows: 

Thrust а 124,700 lb. 

Weight of missile at 70,000 ft altitude = 234,000 1b. 

Drag inertia load factor = = OO ас 3, 6l 
3 

Weight of inertia items aft of station 629 not including fuel 

= 1,004 1b. 

Weight of hydrogen peroxide aft of station 629 = 53 1b. 

Weight of alcohol in aft tank = 9,292 1, 

Therefore, total weight at station 629 = 34,000 = Ц,СОД = 453 = 

9,582 = 19,660 19, 

Then, axial load at station 629 = 2.6) (19,660) = 71,500 lb. 

Internal pressure = 20 psi 

The critical section 18 an 0,072 іп. thick circular cylinder 
of radius 37.98 inches. The material is 61 ST sheet, Fty = 25,0 00 psi 

P - 13:4 М» + Р 

1 T R° t А 

3 "i365 Oe) t TIA SST 1.072) 

- 5,860 psi 

$ _ 20127498) 
(due to internal pressure) 7 2(.072) 

5,280 рзі 

GO 241-1 - VELLUM 357 
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1 ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 76. 
габ т PREPARED BY Ban Yi ses REPORT No. ZP-1,8-250€ a DIVISION : | CHECKED BY ° MODEL Appendix А 

QTÓÓIE Y = О REVISED ВУ SEC RET pate Nove 25,1910 

3 Resulting f. % 

Р = 3,600 рві (Ref, раре /27or APP. с) 

йб, ҰРЫ 1s %.005 
5,29 

Тре tank is formed by use of 61 ST doublers butt-welded 
together as shown in the sketch on page /23 оғ 422c. 

Static internal pressure = 60 psi 

Thickness of tank cylinder, $ = 0.072 inches 

Thickness of doublers at weld, t = 0.188 inches 

Least M.S. 1577-1322 = | 4.025 

The oxygen tank will be analyzed at body station 248. The 
section will be checked for the existing body bending moment and 

E axial load and internal pressure. 

В. М, = 342,470 12.10. (Ref. page 67). 

Тре axial lcad will be Wem as follows: 

Thrust я 124 О, 

Weight -of missile at 70,000 ft altitude = 21,000 lb. 

Drag inertia load factor = € г: 345i 
| , 

weight of inertia items aft of station 248 not including fuel 

= (4,89) lb. | 

Weight of hydrogen peroxide aft of station 248 = 158 1b. 

weight of alcohol in aft tank = 9,383 lb. 

weight of oxygen in forward tank = 12,310 10, 

Therefore, total weight at station 218 = 34,000 = 4,894 = 

455 - 9,863 - 12,540 г 6,4745. 
у 

GO 241.1 - VELLUM 357 
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PREPARED ВУ 
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REVISED BY 

REPORT моёР-18-3500 
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ЗЕСВЕТ pate Хоу. 23, 1 948 

Then, axial load at station 218 = 5.6) (6,430) = 23,400 1b. 

Internal pressure = 20 psi 

The critical section is an 0.072 inch thick circular cylinder 
of radius 3l, inches. 

fc 

f. 
(due to internal pressure) ^ 

Resulting f. 

Therefore, M. 

The material із 61 ST sheet, P & 25,000 pai. 
ty 

В.М. Р 
TRE + t P. 

а а تای 
TT(3l,)“(.072) г (т) (54) (.072) 

2,810 ps1 

20 ( 
27.67 

= 1,720 psi 

4,720 = 2,840 

1,580 раі 

Э. is ample. 

The tank is formed by use of 61 ST doublers butt-welded 
together аз shown іп the sketch on page |23 or APP, С 

» 

Static internal pressure = 60 рзі 

Thickness of tank cylinder, t = 0.072 inches 

Thickness of doublers at weld, t = 0.188 inches 

Least М. 5. (Ref. page/27) = 4.025 

GO 241-1 - VELLUM 357 
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PREPARED BY А р! REPORT мо 2Р-|8-250С 
СНЕСКЕО BY gan ріебо DIVISION 

MODEL Appendix А 
REVISED BY SECRET pate Nove 25, 1946 

PERFORMANCE ANALYSIS 

(6000 LB, WARHEAD, 1000 MILE MISSILE) 

The 6000 lb, warhead, 1000 mile missile is powered by five 
20,000 pound thrust rocket motors and four 2000 pound thrust гос- 
ket motors, The missile operates in two stages and is unique in 
the fact that the same fuel tanks are used in both stages, thus 
saving much airframe weight. At the end of the booster stage, 
the four large outside rocket motors are dropped along with re- 
lated accessories and the entire fin and an appreciable amount of 
skin and structure, The missile then continues on to the end of 
burning, powered by one 20,000 pound thrust rocket motor and four 
2,000 pound thrust rocket motors, 

Various distributions of fuel between the first snd second 
stages of the missile and various types of flight paths were in- 
vestigated to ascertain as closely as possible an optimum range. 
Using optimum conditions, thus obtained, the performance of the 
booster stage was computed by means of а step by step integration. 
А programmed attitude of the missile was assumed, which would 
closely approximate a zero angle of attack path, 3 

— | The step by step calculations were based on the following 
relationship which is based on the assumption of a zero angle of 
attack flight path, 

dX Жі: Т-р | АР? 8 SIN Y + W | » 

E 
dt V 

: dh: 
dl. хон Y 

абе _ 
dt  Усоэр 

where Т = thrust for a given altitude 
D = drag = (4 SED 
W = weight at a given time 
ў = flight path angle with respect to the 

horizontal plane at launching site. 
V = velocity at a given time 
h = altitude at a given time 
Ка = range at a given time 

- $ = time 

GO 2А1-! VELLUM 357 SECRET 



ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 75 

PREPARED BY REPORT NO. ZP-1,8-550t 

CHECKED BY Зап Перо ONION MODEL Appendix А 
REVISED BY SECRET DATE Nov, 25, 19) 

PERFORMANCE ANALYSIS (Cont'd) 

(6000 LB, WARHEAD, 1000 MILE MISSILE) 

The drag analysis was based on the methods outlined in 
reference 2 and the variation of drag coefficient with Mach number 
and altitude is presented on page е 

The step by step calculations were carried out to the end 
of burning of the booster stage at which time the drag becomes 
very .small, For the final stage of operation the following "no 
drag" method was used to obtain the conditions at the end of burn- 
ing. The slight error introduced by neglecting drag is more than 
componsatod for by neglecting the reduction in gravitational ассе- 
leration with altitude. 

Assuming a constant attitude angle Ө during the final 
stage we haves 

Va = М cos y, + (Та loe, me ) cos Ө 

Vz = V, SIN y, + (Пе leg; та) SIN - gt, 

V = JVË ма = Velocity along flight path at fuel shut-off 

2 
= = + 5 1% ( 317 я 2210 m 2 Sy NELY бе na M p Mo ee cos Ө 

г 

=5 «Vt 8 41. log ть шин, г: ӘӘ. М ЗЕ T та fux —— |siNO - 5 gl „а 12. m 2 г 
Vis Velocity at end of Booster stage  * 
У} = Flight Ра angle at end of booster stage 

- | 
f T SEMEN Vx - Flight path angle at fuel shut-off 

correction for curvature of the earth 

- "1 Sx Ay P^ PPS Ге 

yt Ғы AY Corr. flight path angle at end of burning 

Ө missile attitude 

GO 241-1. VELLUM 357 
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РАСЕ 76 
REPORT мо7Р-18-3500 
MODEL Appendix A 

DATE Nov, 25, 191 

E PERFORMANCE ANALYSIS (Cont'd) 

(6000 ГВ. WARHEAD, 1000 MILE MISSILE) 

Ух апа Vz = horizontal and vertical components at fuel 
shut-off 

Зх and Sz = horizontal and vertical components of distance 
traveled at fuel shut-off. 

The equation for calculating elliptical orbits which in- 
cludes the curvature of the earth is: 

9 ee а an са... 

Ra i P*+ 02 T TAN Q 

where 

А = АМ 
Ч 

AM 2 
В = д - с95 (x 

L " fr 

= ын = г Q А СО5 у 

Fo * X BOR E Y 

Г, = Го + 52 

< 2. 

5 Е: Ро Го 

Г. = radius of earth = 2965 miles 

Thus having OR» the total range of the missile becomes 

Ө 
= „бъ. 3963 “ 94. 

Sto 
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REVISED BY SECRET DATE Nove 25, 191 

PERFORMANCE ANALYSIS (Cont'd) 

(6000 LB. WARHEAD, 1000 MILE MISSILE) 

A summary of the performance based on the above analysis 
for tne 6000 pound warhead, 1000 mile missile is presented below. 

STAGING CONDITIONS 

Booster Stage (I) Final Stage (IT) 

Weight Full 15,191, 108. _ 11,470 lbs. 

Weight Empty 11,51. lbs. 8,785 lbs. 

Weight of Fuel (total) 62,140 108, 8,685 lbs. 

Thrust at S.L, 108,000 lbs.* 28,000 lbs. 

Specific Impulse at S.L. 210 sec. 210 Sec, 

Fuel Consumption Sil #/зес. 122.2 #/sec. 

Mass Ratio 2.66 1.98 

Initial Acceleration 15162 . 1.8614» 

Time of Burning 10150 sec. 65.1 sece 

PERFORMANCE SUMMARY 

Performance at End Performance at End 

of Booster Stage of Final Stage 

Velocity along Flight Path 6,556 ft/sec. 10,666 ft/sec. 

82 = Altitude 28.5 miles 8.9 miles 

Sx = Range 26.9 miles 112.9 miles 

- Flight Path Angle 26.50 55,229 

- Missile Attitude 26,259 1,59 

Maximum Altitude = (255) miles 

Total Range = 952 miles 

+ Зее pages 90 and 81 for variation with altitude thrust ES 
те Corrected for thrust at altitude, 
i4 Mass ratio booster stage (I) = weight full 

: we empty + age ue 

GO 2411 - VELLUM 357 
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PREPARED BY REPORT мо 2#Р-148-150( 
СНЕСКЕО ВУ 

REVISED ВУ SECRET DATE Nove 25, 191 

San Diego DIVISION MODEL Appendix A 

PERFORMANCE ANALYSIS (Cont'd) 

(6000 LB, WARHEAD, 1000 MILE MISSILE) 

The &bove results sre using existing rockets, as designed 
by Reaction Motors, Inc. With a slight change of design of the 
exit, the thrust of these rockets may be increased over the орег- 
ating altitude region by approximately 5%. This would increase 
the range to 1025 miles. An additional increase in range might 
be obtained by varying the distribution of fuel between booster 
and final stages (varying the time of separation). It is possible 
also that a better performance can be shown by dropping one pair 
of 20,000 lb, engines before the end of the booster stage. This 
could be accomplished without undue mechanical complication. Lack 
of time prevented a more thorough analysis of these features at 
this time, 

I 
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GUIDANCE FOR А 1,000 MILE MX<774 ТҮРЕ MISSILE 
тере: ی T EUN AD 

The greater portion of the guidance development work neces= 

sary for a 1,000 mile tactical, projectile-type missile has been | 

performed by СУАС in the MX-774 апа -770 activities, А stabiliza- 

tion system in which the attitude and course of the missile is con- 

trolled by swivelling the rocket motors has been fully developed 

and tested in the MX-774 test vehicle program., Numerous gimbal 

test stand firings have been made in which direct measurements of 

test vehicle attitude showed excellent stability and smooth гез- 

ponse to command control of attitude. Two of these test vehicles 

have been fired at White Sands Proving Grounds; both firings were 

marked by completely stable flight of the vehicles. The more ге- 

cent of these firings involved all of the most critical flight соп- 

ditions = from the stabilization standpoint - encountered by a рго- 

jectile-type missile; (1) the slow flight speed at and immediately 

following takeoff, (2) the transonic speed region and (3) the maxi- 
mum dynamic pressure region. 

The Radio Phase-Comparison Precision Tracking System devel- 

oped under the original provisions of the MX-774 project was ground 

and flight tested thoroughly and the major problems presented by 

this radio technique were resolved. The tracking system obtains 

its elevation and azimuth angle information and range data in terms 

of radio phase angle measurements. Range is measured by transmit = 

ting a set of modulation frequencies to the missile, which retrans - 

mits them to the ground station, The relative phases of the oute 

going and incoming signals are measured by means of phase сомрага- 

tors. The phase shift obtained at the lowest frequency in the set 

of modulation frequencies determines the approximate range, and at 

the successively higher frequencies, the determination becomes more 

precise using a system of decaded measurements. 

Figure 3 is a diagram of the test system set up for flight 

tests with а С-46 aircraft. 

Ficure 4 shows a photorraph of the test system combined ге- 

ceiver, phase-comparator and servo-computer unit. Angular measure- 

ments are civen as shaft positions and velocities may be determined 

from rotational speed of the same shafts. А complete discussion of 

the development of the phase-comparison test component assemblies 

and an analysis of the test results is reported in Phase Comparison 

Angle Tracking бана. - & Report Ко. ZN-6002-017, Ref, 5. 

Angular measurements are made by measuring the relative 
phases of the carrier and one of the range modulation frequencies 

retransmitted from the missile as described above to antennas on 

the ground. These antennas are located on two baselines at right 

angles to each other, as shown in Figure 2, and are used in pairs. 

The coarsest angular measurements are made by comparing phases of 

modulation signals received on antennas separated less than a half 

wavelength at the modulation frequency. Successively more precise 

measurements are made by comparing signals received on antennas separ 

ated by larger numbers of wavelengths, The finest measurements аге 
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made at the carrier frequency received on antennas separated several 

thousand wavelengths. 

An analysis of phase comparison range measurement methods is 

reported in "CVAC Precision Hange System МХ-772" , СТАС Report No, 

2М-6002-019, (Ref. 4.) and the complementary treatment ог phase com- 

parison angular measurements is riven in Ref. $. The general ргоро- 

sal оп application оі phase comparison tracking to a complete ruid- 

ance system for lon: range projectile-type m’'ssiles is reported in 

Guidance System for the МХ-774 issile, СТАС Report Мо, 21-0008»-007, 

ват, Bela 

GO 2411 

The ргосгат for testing th's technique was marked princi- 

pally by the development of the phase comparators and heterodyning 

methods required to make precise determinations of phase angles te- 

tween radio signals. The ensineering development activity. anc the 

test results have been fully reported under the original УХ-774 

contract and appear in her, 3, Phase Comparison Angle Tracking 

System, CVAC Report 21-6002-017. 

The program performed with this equipment consisted of numer- 

ous laboratory, field and flight tests. Important component asseme 

blies such as the phase comparators, filter units to separate modue 

lation frequencies and computer-servo units were developed and test- 

ed in the laboratories. Field and flight tests were conducted to 

measure quantitatively the periormance and accuracy of the entire 

system by checking a record of the phase. system data with theodolite 

measurements. Іп the nost significant test flicht the system tracl- 

ed а С-46 airplane from San Dieco to Point Muru, California, a 915- 

tance of 127 miles with a net error of approximately 0.1 degree, 

This accuracy was іп good agreement with calculated performance ех- 

pected of the test system, апа showed that greater accuracies may 

readily be attained by increaing the carrier frequency of the radio 

system, by separating the antennas further than was practical in 

the test system and by using narrow-beam antennas to eliminate 

rround reflections. 

Essentially all the basic development work required to рго- 

duce з tracking, guidance and stabilization system with the order 

or precision required by а projectile-type missile of 1,000 miles 

rance has been accomplished in the programs outlined above. Proe 

ducing а ;uidsnce system for a tactical МХ-774 missile, then, in- 

volves principally ап engineering project in which the stabilization 

equipment developed and proven іп the MX-774 test vehicle program 

апа the radio phase tracking units are combined with a conventional 

radio cormand system end are refinec and intecrated to form а come 

plete guidance syster capable of meeting the 1,000-т11е range and 

accuracy specification. 

Extensive studies of radio propagation in the troposphere 

and the ionosphere have been made in the МХ-774 ргоггат to investi- 

cate the effect of these factors on the accuracy of phase compari- 

son tracking. The studies have been reported in detail in three 

reports: "Ionosphere Refraction Error Estimate of Sichting Error 

ana Increase of Phase Velocity" (WAC Report Ко. РЬУГ-4018, Кет 6.) 
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"Atmospheric Refraction Error Estimate of Sichting Error and Changes 
in Phase Velocity" (СУАС Report Мо. DEVF-4026, Ref, 7.) and "Atmos- 
pheric Errors and Their Effect Upon the Hitting Accuracy of the МХ-774 
Missile" (CVAC Report No, 24-6002 -011, Ref, 8.). Тһе general conclu- 
Sion of the radio propagation investigations 18 that, with the use of 
mlcrowave frequencies, simple compensation of the computer section of 
a phase comparison tracking system will yield sufficient accuracy for 
a 1,000-mile missile, .The accuracy requirements of longer range mise 
siles, however, will require more complex compensation involving both 
Seasonal апа hourly variations in propagation factors. 

ities are commercially available for the equipment at the present 
time. Also, the frequency stabilization techniques required to meet 

| the accuracy needs have been proven іп laboratory usare and they are 
| immediately adaptable to the phase comparison tracking equipment. 
| Antenna designs with proper beam and gain characteristics аге readily 

Я 

| 
| Suitable microwave vacuum tubes of sufficient power capabil- 

available from radar developments. L 

This recapitulation of developments by CVAC апа other соп- 
| tractors іп the missile guidance and related fields indicates that 
Е. the principal task іп an engineering project for developing this guide 
| ance system is one of refining and fitting together existing components 

and techniques to achieve the requisite precision. Many of the usual 
1 problems in guidance design are avoided by the basic nature of the 
j System; most of the units requiring stable operating conditions to 
ww еіГесб precise measurements and computations аге located on the сгаіпа 
| where weight and complexity are secondary problems. Only the range 

and ancle sirnal repeater (a radio repeater consisting of receiver 
| and transmitter) апа the radio command receiver are located im the 

missile, and these two equipment items may be combined to а consider- 
able extent. 

— ee 
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POSSIBLE IMPROVEMENTS IN ACCURACY OF THE PROPOSED SYSTEM 

Thers are three basic limiting factors affecting the accu- 
racy of phase comparison tracking methods. The first involves 
principally the maximum degree of resolution attainable in measur- 
ing radio phase angles, and the second factor is chiefly a function 
of the frequency stability attainable in the radio signal trans- 
mitters, 

The above two limiting factors have been grouped together 
because their improvement is principally а problem in advanced 
laboratory development of equipment refinements. Closely allied 
with these factors are secondary considerations such as improved, 
faster responding computer mechanisms, more precise siting of the 
phase comparison antenna locations and baselines, and a more exact 
determination of the electrical center of directive antenna arrays 
than is presently possible, 

An advanced developmental program directed to achieve the 
ultimate refinement of equipment proposed in the foregoing section 
capable of improving the accuracy of a 1000 mile missile {2,500 
foot hit radius) by 50 to 50 percent, This improved relative ace 
curacy can also be utilized to achieve the same limit of miss at 
ranges of 1,500 to 2,000 miles. 

The third basic limiting factor in the accuracy of phase 
comparison equipment is the erro» introduced by refraction of 
radio waves and changes in radio propagation velocity in the 
various strata of the troposphere and the ionosphere. Presently 
available data on the earth's upper atmosphere permit only an 
order-of-magnitude calculation of their effects on sighting angle 
and relative phase measurements. (Studies of ionospheric and 
кыы, > effects have been reported by C.V.A.C. in Refs. 6, 

and о. 

Basic research into the composition, temperatures and ргез- 
sures of the upper atmosphere and into the variations of electron 
densities in the ionosphere is required in order to minimize their 
effeot on radio tracking data. Presumably, such research could be 
carried out as an adjunct to test programs in the development of 
а 1000 mile missile and in any program of extending its range to 
the 1500 to 2000 mile region. The results of such a research рго- 
gram would be applied to the calculation of tracking data соггос- 
tions for insertion into the missile course computer. These cor- 
rections would compensate for the commonly ignored, relatively 
small variations in ionospheric and tropospheric effects which 
occur seasonally and hourly, 
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POSSIBLE IMPROVEMENTS IN ACCURACY OF THE PROPOSED SYSTEM (Cont'd) 

The net result of utilizing second order corrections of 

this nature is estimated as effecting a reduction in guidance 

error of approxima tely 50 percent in addition to ths reduction 

considered practicable by ultimate refinement of the tracking 

equipment itself. This improvement is considered sufficient to 

permit increasing missile range to perhaps 3,000 miles and main- 

taining the target miss to 2,500 feat, or extending range to 5,000 

miles with a target miss of one mile. 
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CONSOLIDATED МА ТЕЕ AIRCRAFT CORPORATION MopeL MX-774 

SAN DIEGO, CALIFORNIA DATE 23 Nov 1948 
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FIG. 2 — BLOCK DIAGRAM OF PRECISION TRACKING AND GUIDANCE SYSTEM 
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ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 44- 

PREPARED ВУ ВЕРОВТ МО арР-8-550‹ 
ree qe San Diego DIVISION es рр. С 

REVISED ВУ SECRET 4. DATE Nov, 25, 1946 

ЧУ. 

INTRODUCTION 

A preliminary design and performances estimate was previous- 
ly submitted оп а 5000 1Ъ., 1000 mile missile, This study formed 
part of a report entitled "The Applicetions of MX- (0. Accomplish- 
ments to the Advancement of the Guided Missile Art", 

| Only very sketchy substantisting materlal was‘ submitted at 
that time. The purpose of Avpendix С is to present in more com- 

; ріебе form the technical data оп which this design was based. 
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ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 79 а 
PREPARED ВУ | REPORT NOZP-l16-5590* 
сноска San Diego DIVISION MODEL Appendix C 

REVISED BY ЗЕСВЕТ DATE 11/23/48 

STABILITY AND CONTROL 
(3,000 pound warhead = 1,000 mile missile) 

А. GENERAL: 

Be 

The 2,000 pound warhead, 1,000 mile missile is stabilized by 
four (Ц). modified arrowhead fins of 12 ва. ft per panel (in the 
booster stage), The fins are designed to give the missile a 
minimum margin of static stability of two percent body length 
at the most critical condition (see page /02). It was possible. 
to design relatively small fins due to the excellent asrodynamic 
characteristics of the modified arrowhead fin due to the forward 
position of the center of gravity obtained by Бавстов the warhead 
in the nose of the missile, 

In the final stage of powered flight it is possible to maintain 
a two percent margin of static stability at the most critical 
condition with only 9 за. ft, per panel, This results from the 
forward shift in center of gravity due to the ejection of two 
20,000 pound thrust rocket motors and related вацірпепб. (see 
page 102). Thus Э за. ft. per panel of fin and body skin on the 
aft portion of the missile may also be ejected st separatione 

The 4,000 pound warhead will be stabilized by a conical tail 
during the entry into the atmosphere, 

Two (2) 20,000 pound thrust rocket motors and four (h) 2,000 
pound thrust rocket motors are used to control the missile in 
pitch, yaw and roll. | 

LIFT AND MOMENT CHARACTERISTICS: 

1. Body Alone | К | | 

The lift апа moment distmibution over the body alone Гог the 
5,000 pound warhead, 1,000 mile шізві1е were determined by 
the same method as used jn Appendix А and have Ъееп presented 
on pages 98 and 97 for various Mach numbers. 

The normal force coefficient and center of pressure locations 
for the body alone are calculated by 

Xp. REC EQ R. ЕХ 
2 Í 2 Fa Rn АХ 

GO 241-1 - VELLUM 357 
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ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 26 ж = 

PREPARED ВУ can Di 2 ай REPORT МОР С 25500 
} е №. I) дє; го ж 

CHECKED BY : | MODEL Appendix C 
REVISED BY ЧӘСТЕТ DATE 11/25/48 

| « 

- STABILITY AND CONTROL (Cont! а) 
lcm  — O m. a 

В. LIFT AND МОМЕНТ СЧАЗАСТЕЗІЗРІС5: — (Cont! d) 
m — Jm... Í —.. a—— s aaa 

and their variation with Mach number is presented on 
раге [00 е 

PF. ы 

F 2. Fin Alone 

| The Lift and center of pressure characteristics of the fins 
| Рог both the boostor stage and final. staze were determined 
| by the same method as used in Appendix А. Plots of «Су, /аҳ and 
| Xe/£ for the fin of the booster stace are presented on савв(о|. | : 

| 5. Complete Missile 
Н 

Тре center of pressure locations for the complete missile are 
4 calculated by 

| Ха. Ke | х. (1- 9. bs xe 
, 
1 4 г. чСн, /d« + d Cy, /d«. x 
1 
b 

x The variation of center of pressure with Mach number for 
| both the booster stage and final stage of the complete missile 

| are shown оп рабе loZalong with the center of gravity vari- 
| ations for both stares, These plots show the marg'n of 

static longitudinal stability, 

| Де Trim Angles of Attack 

Тһе trim antles of attack were obtained by the following 
eee а cu M ай 

! rlLolaulonsnip; 

ў 

f 

) 

x, ЕО 
гіт 

| where Ti sin 2°(Xeo- Ху) 

10,000 108, Та = 

Хр = 270-243 

SB = She sq.ft. 

а = 6.33 ft. 

3 (2 Ч Сны; /d« + dCug /d« K(Xes.- X) 

| d | 

GO 241-1 - VELLUM 357 
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ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 27 Р 
з > | 

PREPARED BY E REPORT МОРИС = 54007 
an ^O DIVISION š 

CHECKED BY San 2196: MODEL Aopendix С 

REVISED BY SFC RET DATE 11/22/48 

STABILITY AND CONTROL (Contd) 

B. LIFT AND МОМЕНТ CHARACTERISTICS: . (Cont'd) 

The variation of trim angles of attack with Mach number ‘are 

| presented on page jo3 Гог the 5,000 pound warhead, 1,000 
mile 1155116. 

>” 

| 
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ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 104 
PREPARED BY REPORT NO ZP -48-3500 
CHECKED BY San Diego piv'isSioN | MODEL APPENDIX C 
REVISED BY SECRET | ОАТЕ 11-23-48 

WEIGET JUSTIFICATION OF 
MISSILE WITE 3000 LBS. WARHEAD 

і This is а brief discussion of the basis оп which the weight 
breakdown is founded. Preliminary stress calculations furnished 
the structure material gauges. Power plant and equipment item 
weight are based on existing or comparable item weights. 

А. PAYLOAD- | 
Тһе payload consists of a warhead (3000 lbs.) and а skirt, 

The skirt is to Бе 19" long, upper diameter 27" and lower dia- 
meter 33"; material in 4" steel plate. 

Вэ ̂  BODY- 

For convenience of calculating, the body is divided into a 
number of sections ап? is not intended to indicate the actual 
sectional breakdown of tbe body. All material used in the 
body section is sluminum unless otherwise noted. 
ми RING. This ring has а cross sectional area of 
lec за: 1b 
FUEL TANKS. Тһе tanks cylinder sections are to be made of 

4 .О/2 sheet. They are made up of quarter sections longitudi- 
nally and reinforced at the joints by two (2) 3/16 x 1 1/2 
doublers.. Joints are butt welded. Тһе ends are spherical 

| segments of ,072 sheet. 3/16 x 1 1/2 doublers аге added 
- where the ends are welded to tank cylinder. 
| BODY - FORWARD OF LOX TANK) 

| BODY - BETWEEN TANKS ) These body cylinders are con- 
structed of .072 sheet, and 3/16 x 1 1/2 circular doubler is 
айсей at tre tank juncture point. 
BODY - AFT CF ALCOHOL TANK. Тһе cylinder skin of this sec- 
tion „064 sheet and has 3/16 x 1 1/2 longitudinal doublers 
at the quarter joints. Frames and stringer weight is con- 
sidered 20% of the skin weight. | 

— aiar 23 

| ES ТУРІСАІ, SECTION THROUGH BODY 

| 3/16 x 1 1/2 Doubler 

| / 1 

| | | Skin 
| | | | 
| | P Weld 
| | ) ; 

k | 2 
заслыг 
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ANALYSIS CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 105 

PREPARED BY ка. REPORT NOZP -485-35003 
| CHECKED BY San Diego хамг: MODEL APPENDIX С 
REVISED BY SECRET DATE 11-23-48 

WEIGHT JUSTIFICATION OF 
——— P — зз <. 

MISSILE WITE 3000 LBS. WARHEAD CONT'D. 
“тог ——— e et 2-4 

С. FINS- 
The fin weight is estimated to be 2.5 lbs./sq. ft., similar 

to the MX774. 

р, POWER PLANT- 
MOTORS AND PROPE] LENT VALVES., The 2000 LBS. THRUST motors 
weight is the same as for the MX774. The welght of the 
20,000 LBS, TERUST motors was obtained from an installation 
using identical motors. Тһе propellent valve weights were 
proportioned to the valve weights on the MX774. 
PUMPS. Proportioned to 1X774 weight. 
MOTOR MOUNTS. Tstimated weight based оп the use of 1 1/2 x 
‚095 steel tubing. 
LINES AND FITTINGS. Proportioned to the 1Х774 weight. 
PRESSURE SUPPLY. The heat exchanger weight was proportion- 
ed to the MX774 weight. Тһе large helium tank (Alcohol 
Pressure) weight is base? on hemispherical ends 11 in. 
radius, 1/8 sheet. А .102 x 3 doubler joins the halves. 
411 material of this tank is chrome molybdenum alloy. 
PUMP PRESSURE SUPPLY. The Н505 tanks are made of aluminum 

-” sheet stock. Тһе first stage tenk has а 12,5 redius, hemi- 
spherical ends, 1/8" sheet, and a 3" cylindrical section in 
between, 1/4" sheet. 1/4" and 1/8" doublers on the ends 

} and cylinder respectively. Тһе second stage tank has а 12" 
radius, hemispherical end, 1/8" sheet and а 1/4" x 3" doub- 
ler to join the halves. 

E. FIXED EQUIPMENTe 
ELECTRONIC SYSTEMS. The breakdown of all electronic system 
weights were estimated by the electronic section. 
ENGINE SWIVEL AND TAB CCNTROLS.. Proportional to the МХ774 

WAREEAD EJECTION, Weight based on possible requirements. 
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CHECKED BY 

REVISED BY 

GROSS WEIGHT SUMMARY 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

San Diego DIVISION 

SECRET 

PAGE / 07 | 
REPORT мо 2Р- 0-350С 
MODEL APPENDIX C 

. DATE el Nove 19 

(3000 lb Warhead, 1000 Mile Missile) 

Weight 

Gross Weight 16261 

Weight Empty ( 6761) 

Payload 5125 

Воду 1169 

Fins (|) 120 

Power Plant 1817 

Equipment | 500 

Fuel ( 39500 ) 

Hydrogen Peroxide 790 

Liquid Oxygen 

Alcohol 17150 

GO 241-1 - VELLUM 357 

21560 

STAGE I 

Arm Moment 

225.9 14905628 

295.0 (1980678) 

265625 

152015 
66800 

971658 
211520 

(13002950) 

121070 

5516080 

7065800 

SECRET 

STAGE II 

Weight Arm 

19555 326.3 656885 

Moment 

` (5633) 213.1 (1369445) 

5125 | 265625 

1132 | 111122 

55 29425 

oll _ 1 

577 174151 

(13900) _ (5299400) 
500 148200 

7600 2555200 

6000 2718000 



ANALYSIS 

PREPARED BY 

CHECKED BY 

— 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

San Diego DIVISION 

REVISED BY SECRET 

STAGE I 

: Weight Arm Moment 

Payload (2125) (265625) 

Warhead 2000 8» 21,9000 

Skirt 125 133 16625 

воду (1169) (152015) 
Separation Ring 16. 170 2720 

Skin Fwd of Fwd Tank 10 155 6200 

Fwd Fuel Tank (Lox) 355 255 _ 90525 

B ые Sieg сай ед 

ИА у; ас ЭЗЭН 60. 428". 191560 

Skin & Struct Aft Sect 210 528 110902 

E - Alc. Tank эх 116 1166 

Fins Ц © 12 sq.ft е 
Ре 66 1ьв/за ft (120) 556 (66800) 

Power Plant (1817) (971658) 

Motors & Prop. Valves (761) (1,099214 ) 

(2) 20000 lb Thrust 20,  . 538 2061,56 

(1) 20000 lb Thrust 192 538 103228 

(1) 2000 lb Thrust 125 552 69000 

(2) 20000 1b Ргор. 3 
Valves | 60 521 

GO 241-1 - VELLUM 357 

SECRET 

51240 

Weight 

(3125) 

3000 

125 

(1132) 

16 

(55) 

(911) 

(577) 

192 

125 

60 

PAGE / 09 | 

REPORT NOZP 8.15 007 
MODEL APPENDIX С 
DATE Nov „ 194 

STAGE II 

Arm Moment 

(265625) 

85 21,9000 

123 16625 

(111155) 

170 2720 

155 6200 

255 90525 

336 26208 

116 191560 

520 89960. 

116 1160 

525 (29125) 

(189111) 

( 2031,68) 

558.. 103208, 

552 69000 

521 212!,0 
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ANALYSIS 

PREPARED BY 

CHECKED BY 

REVISED BY 

Power Plant (Cont'd) 

Pumps 

(1) 

(1) 

Mounts | 

10000 10 Thrust 

28000 lb Thrust 

10000 15 Thrust 

28000 10 Thrust 

Valves & Regulators 

Lines & Fittings 

(2) 20000 lb Thrust 

28000 lb Thrust 

Pressure Supply 

Heat Exchanser 

He Tank (Діс.Ргева) 

He Tank (Сопбг,.Орг,) 

Helium Gas | 

Pump Propulsion Sys. 

н.о. Tanks(Large) 

H.O. Tanks (Small) 

Residual Fuel 

GO 241-1 - VELLUM 357 

San Diego DIVISION 

SECRET 

STAGE I 

Weight Arm Moment 

(270) (135900) 

150 506 75900 

120 500 60000 

(211) (115526) 

igi. ЫШ 56576 

110 516 56760 

(15) 815 1 58645) 
(200) (105100) 

100 517 51700 

100 514 51100 

(115) (62850) 
20 510 10200 

15 558 11850 
10. 826 5160 

jò 564 5610 

(77) (1,0872 ) 

55-32 557 25065 

32 ` h9h 15808 

(155) 497 (67050) 

ЗЕСВЕТ 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

Weight 

(120) 

120 

(110) 

110 

(75) 

(100) 

100 

(40) 

20 

10 

10 

( 32) 

(32) 
90 

PAGE 109. 
REPORT МО. piod 

APPENDIX ( 
2), Nove 19] 

MODEL 

DATE 

STAGE TI 

Arm Moment 

` (60000) 

500 __ 60000 

(56760) 

516 56760 

515 (28625) 
(51400) 

514. 51400 

(19400) 
510 10200 

516 5160 

цо 100 

(15808) 

lol. 15808 
185 (45650) 



CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

GO 241-1 - VELLUM 357 

SECRET 

ANALYSIS PAGE //0 

ана. Sen Diego pisos oorr CAPPED 
REVISED BY SECRET | РАТЕ L Novel9 

STAGE I STAGE II 

Fixed Equipment Group (500) (21520) (577) (174151) 
. Stabilization (165) (503) | (82995) (152) (505) (66396) 

(Ц) Amplifiers 20 | 20 

(5) Gyros Ager 22 

(6) Valves 26 18 

(6) Response Units 20 | 15 

Inverters ` 12 12 

Batteries 40 40 

lise (Wire, Brkt, 
| Etc.) 15 15 | 
Command -Doppler-Rance (70) 505 (25210) (70) 7:503 (55210) 

Ё, | Command  . 27 | | 27 5 

Range & Doppler 25 25 

Batteries 18 18 

Phase Comparator Trans. (65) (503) (32695) (65) (503) (32695) 

Unit 50 50 

Batteries 15 15 

үх C e (150) (532) (75200) (50) (552) (26600) 
Staging Provisions (20) 518 (10570) (10) 520 (5200) 
Warhead Ejection (50) 161 ( 8050) (50) 161 (8050) 

| Fuel (29500) (15002950) (13900) . (5199100) 
H202 790 555 121070 500 191 116200 

x Іох 21560 257 5516080 1600 507 2333200 

D Alc 17150 112 17065800 6000 155 2718000 | | 
x Total Missile (Initial) 16261 525.9 11983628 19555 336.3 6568015 
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STRUC TURES 

Loads Analysis 

The loads analysis for the 5000 lb warhead missile is very 
similar to that for the 6000 lb warhead missile (Ref. Appendix 4 
page 20) except Гог the additional analysis here of the gust loads 
on the missile. 

Maneuver Condition 

Data presented here for maneuver condition is similar to 
that shown for the 6000 lb warhead missile (Ref. Appendix A 
page 60). These data are presented on pages //2 to //3. 
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Gust Condition 

Gust loads will be computed on the basis of а sharp-edged 
gust normal to the longitudinal axis of the missile and of magnitude 
904? feet рег second, 

Тре expression for computing gust air loads is as follows: 

Air Losa = 2 x < x В х № хУ “хэ 

ОС in radians is equal to tan“ U/V, or for small angles, 
15 equal to U/V (where U = gust velocity and У = speed of missile 
along trajectory). 

The critical point on the flight path is where maximum fin 
load occurs. Loads on fin and body are tabulated on page //3 for 
the critical region of the flight path, from which the critical gust 
condition is determined. Shear and bending moment tables include 
the effects of the critical air loads plus the inertia forces. 
acting to produce equilibrium. For preliminary analysis the inertia 
forces used are those based on initial weicht of missile. This is 
somewhat conservative since the loss of weight in flight is near 
the cg while the air loads are concentrated toward the ends. 

ї | 

GO 241-) - VELLUM 357 
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AIRLOAD DISTRIBUTION 

( 

М = 1.26 

Бо 

Хв 

Moment = 

ON BODY 

3000 1b Warhead) 

Gust Condition 

Altitude 25,000 ft 

dy Load = 3498 1b (Кеѓ,//5) 

T = 406 (Ref. 100 ) 

814,68) 1n/lb 

pace //Ф 
Z+), n 

REPORT МО. -ijC- 
MODEL Appendix 
ОАТЕ Nov. 25, 191,5 

MOMENT 

0 

6,10 

13,600 

3,021, 

68,180 

125,600 

158,640 

177,800 

160,960 

95,076 

5,200 

2 
С 
2 

550 2 

ғ“ 
! 

0? 
- 
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AIRLOAD DISTRIBUTION ON BODY 

(3000 1b Warhead) 

Maneuver Condition 
М = 2.52 Altitude = 55,000 ft 

Body load = 19,19) lb (Ref pg //3) SA = Sta. 258 (Ref. 64.100) Moment = 4,951,969 1 п/1ъ 

STA LOAD МОМЕНТ 

0 92 0 

lO 695 27,714 
80 28-11 pu 65,57 

120 71 8,18 

160 1,555 | 218,86) 

200 | 2,681 251,320 
210 | 3,252 780,528 

280 5,591 950,208 
520 2,252 1,040,70) 

260 2,183 163,560 

цоо 941 376,407 
lO 261 114,789 

1,80 83 210,044 

520 0 - 
560 0 - 

For curve of airload distribution on missile body see 98. 

тя M - — n. . — чар eww m 

GO 241-1 - VELLUM 357 



CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
San Diego, California . 

7 

WEIGHT DISTRIBUT 

(3000 lb Warhea 

ITEM W X WX 0 10 80 120 160 

POWER PLANT 1,867 986,574 

BODY STRUCTURE 1,239 488,515 | - 

FIXED EQUIPMENT 295 205,550 

PAYLOAD 3,370 90.1 205,760 217.5 641.5 890.0 1191.0 : цоо 

PROPELLANTS 39,500 15,160,010 255 
— —a v — а — == ж ---..- зана ne - — ——— —À— .—— — ы ----- --..--...- шу ра ” - es ا - те----------- --- -. — - - -- -- ” 

TOTAL MISSILE 16,371 326.5515, 142,409 247.5 641.5 890.0 1191.0 2971 

ЗЕСКЕТ 
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7 

Расе //В 
j Report No. 2Р-Ц8-35003 
b Model Appendix C 
| Date Nov. 23, 1918 

кё SECRET | 
мо 1 

ü | 
| | | 

Н | | 

ЛЯ 

LON | 

EB 

| | 

г | ЗТАТТОМ Р 
т M € — AT ME Mee Ж 

| 200 240 280 320 260 1.00 Що 180 520 560 

356.7 760.3 750.0 

0 | E 1.0 о - Oh ! ; 19 8h «0 81.0 130.8 51.2 276.0 181.0 177 el 152.6 

| | | 155.1 155.0 106.9 

= i 

0 moro À 4500. .0 5300.0. 5345. 20 4400.00 “4525.0 | 1335. 0 1500. 0 _ 396.8 393.2 

2593.0 4584.0 5384.0 515.8 1151.2 4791.0 4519.0 4809.8 1169.5 1402.7 

матае Ж: s p ы-і зу 2: 

Wa Ин и — т а БН БЕ УИ, ЖБК НТ 



CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
San Diego, California 

(5000 15 Warhead) 

UNIT INERTIA SHEARS AND MOMENTS 

= Ф 

9,90 

15 „Ц6 

116,62 

255,44 

15,06 

85,12 

1,19, 

= 2,199, 22 

5,191,193 

~ 44372525 
2» [29,05 

` 7,286, 65 

9,026 ,6( 

t 2 = n 

STA, W 2154 тог. 

(х) | 5 Ам 

Ref. pg. Е € (2) Ө, Ау 

к” —.— ا : | 

0 eT. | 
247.5 9,900 

10 611.5 
889.0 25,560 

80 890.0 
1779.0 71,160 

120 1191,0 
2970.0 118,800 

160 2971.0 

е 44 5941.0 257,640 

⁄ 9551.0 561,560 
240 4584.0 

14,118,.0 561,720 
280 5281.0 | 

19,502.0 780,080 

520 545 „8 | 
21,917 8 997,912 

260 1121.2 
А ЕР 29,3790: - 1,275,160 
00 š 

17 34,170.0 1,566,800 
Що 4519.0 

38,689.0 1,547,560 
180 1809.8 

43,498.8 1,759,952 
520 1469.5 | 223 
60 1402 1Д.,968.5 1,190,756 

, a 46,371.0 1,854,840 

For ex - 

10,825 ,5: 
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| 
| 

| 

| 6 | 8 9 10 
|< #5 ОС = 1 

|. | ЫЯ EE Э es АМ сүй М 

Ref. pg. 717 (2) X X 

Ког c.g. ‚ 002588 Е (2 ет («AR € (7) 
| 0 

326.6 209 ,2 0 | | 209.2 8,368 | 286.6 175.8 2 a us 8,368 | 
А 9 40 216.6 568.0 4 E С 55,768 

255, 0,120 206.6 656.8 ke B 4 85,888 
1889. ‚592 

166.6 1201.6 й цаг 161,180 
| 3170.8 126,832 
126.6 1139.2 ras : : 285,312 

540. 75,920 86.6 1027.1 162,252 
5375 .l 215,016 16.6 619.3 677,218 6024.7 210, 988 6.6 92.0 еи NOM 918,236 

-55.4 -383.0 1,162,944 
5734.7 229,588 

-73 4 -910,4 1821 ё 8l 1,592,352 
4 192, -115.Щ `-1226.2 TT x Е я 1,585,316 

5 оц 9, 

1588.9 j 63,556 -193. -735.5 N Ps " : с 1, 788, 808 
-233 | -817.5 5 г 1,522,944 

2 іс 1,022,005 „ 151,912 slug ТЕ: 
12 
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

DIVISION 

SHEAR & MOMENT 
(50008 WARHEAD) M з 2.42 ALT. 

MANEUVER CONDITION 
55,000 PT. 

PAGE / 20 

REPORT МО 2Р- 48-35003 
App. C 

11/23 8 
MODEL 

DATE 

ge 
Uxi- „6: DUC 

Col. Col. 

| О е 
92| 3680 -159 127 ! 6 0 

695 | 5680 -65h6 L- 509p 2126 
785| 31400 -510 517: 632 

792 35080 -291%0 21764 ©7704 
1577} 63080 -1140 762 . 1199 

яі 98160 -74755 52261 75668 
| 1648! 6 920 -190h 1150 Bol 

1555 164080 -15090h 98257 111555 
5205 128120! -5808 1929 | 152% 

2687 | | | 292200 -505251 | 175432 164401 
оше -6111 2646 ^ 2425 

5252 27800 -547685 | 281259 | 261516 
| 9142 | 365680 | = 3271 | 363 

| 3394 | | | 895480 -909669 112092 395903 
| 22536501440 - 12501 5666 | 

2| | 15989201: -1409700 |^ 558728 543948 
15788: (6531520 > 2 3722 | 

2121. | 2026440 -2049362 | 707268 | 684346 
17909 16360 -18832 3489 | 2566 

1 2742800 _2802659 | 847206 181567 
18850 754000 | | “117 

1 2968 964655 182675 
119111 (168140. | 2 

126120 | 1049781 640277 
Ta 767760 | -1122| _ | 

75029000 1088454 551501 
“hog: 719775 | | -8170] - 

ual 5748775 | 1107916 -10323 
31648 | 19120 | -2443 

о | 5827895 ‚ 1109275 -1920 
31648 | 31648 | | 192 

-1924 15859545 | 1109225 0 
29724 | 0 

2 

Д = -.6410 ост И. 2899212 бела = + .60848 
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SECRET DATENOV. 25, 1940 

STRUCTURES 

(5000 lb Warhead, 1000 mile Missile) 

Propulsion and Operation Tanks 

This section ana lyzes the propulsion and operation tanks used 
in the 3000 lb warhead rocket type missile. 

The various tanks used, their general purpose and manner of 
loading are as follows: 

HELIUM TANKS: These tanks serve to pressurize the fuel 
tank and to operate engine control valves. 
They are analyzed for internal pressure 
loads only. E 

HYDROGEN PEROXIDE ТАККЭ: These tanks operate the pump 

ALCOHOL TANK: 

OXYGEN ТАМК: 

turbines and аге analyzed for internal 
pressure loads only. 

Ihis fuel tank forms the body structure of 
the missile ага 1з analyzed for body bending, 
axial and shear loads as well аз for internal 
pressure loads. 

This oxidizer fuel tank forms the body 
structure also and is analyzed for body 
bending,axial and shear loads as well as 
for internal pressure loads. 

One or more of the above type tanks are utilized as explained 
below. 

Two spherical he 
pressurization for the 

Working pressure 
Yield pressure 
Radius, R 
Thickness, t 

GO 241-1 - VELLUM 357 

lium tanks are used. The tank supplying the 
fuel tank dropping off with the booster stage. 

2,000 psi 
1.25 (2,000) = 2,500 раж 
11 inches 
0.125 inches (Allow ап .80 reduction 

factor for thinning 
out of material due 
to forming) 
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Material = 1120 steel sheet 

Р, = 150,000 рзі 

Fey = 155,000 рві 

а 23800 Е) 

у 2 ааа ака 135,000 psi 

из. = 4224000 < 1. 0.0 
27% 

Тһе spherical tank is formed by welded butt joints аз shown 
in the accompanying sketch. The 0.109 gage steel sheet doublers 
are welded to the tank spherical sections which are then butt- 
welded together. 

50 241-1 - VELLUM 357 

125 gage tank 

Weld 

109 даде doublers 

Weld 

Fey at weld = 60,000 psi 

` P eee: 
Їүу = = өкүл) - 58,700 psi 

60,000 _ 
М,3, = 58.700 i 2 3.02 

The second spherical helium tank operates the engine controls. 

Working pressure s- 6,000 DEI 
Yield pressure 2 1,25 (2,000) € 21500 pai 
Radius, R = 5 inches 
Thickness, t 

reduction factor 
for thinning out 
of material due 

0.062 inches(Allow an .80 | 

| 
to forming) | 

энелик NOS 
SECRET 
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Material = same as above 

2. 2900- š fy a à = 127,000 pai 

А 1 000 
Modes = е 1 = 4.06 3. = 147000 M 

Welded butt Joints are used іп forming the spherical section 
as described above, 

t (of doubler) = 0.062 inches 

2,500 
еу З L = 50,100 psi 

60,000 4 
М.д. = 50,100 - 1 = %.19 

Two hydrogen peroxide tanks are used. The first tank 
separating from the missile with the booster stage. The first tank 
is formed by two spherical ends of radius 12 inches connected by а 

E, 2 inch cylinder, “Яс. 

Working pressure = 150 psi 
Yield pressure = 1.25 (450) = 563 psi 
Radius, R £ ic.Lnones 
Length, 1 = 4 inches 
Thickness of spherical 

ends, t = 0.125 inches YZAllow ап .80 
Thickness of cylinder, t = 0.250 inches) reduction factor 

for thinning out 
of material due 
to forming. 

Material — р 34. Fey = 55,000 psi 

fty (spherical ends) - 65 (12 = 33,800 psi 

М.Э. бё 900 Т. 1 = ‚О 
52, 4-020 | 

| 
fty (cylinder) = 2 (12) = 27,000 psi 

27,0 
М.Э. = А үс +-30 

>“ 

| 

Е 5 

SECRET 



WENN а — s I w ың. 

ANALYSIS 

PREPARED BY 

CHECKED BY 

REVISED BY 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION РАСЕ / 2 Š 
REPORT NOZF -1,£ -25005 

oan Diego DIVISION мопвАррепа!х C 
SECRET DATE Nov. 25, 

The spherical ends and 4 inch cylinder are welded together 
with butt joints as shown in the sketch on pagel23. 

Thickness of doublers, t 2. 0.250 inches 

Fry, at weld - 9,000 psi 

63 (12 
Әу = Отуу = 9,000 psi 

MiSs > м “-4-6 0. 

, 

The second hydrogen peroxide tank із a spherical shape. 

У 

o 

Working pressure 
Yleld pressure 
Radius, К 
Ihickness, t 

150 psi 
1.25 (150) = 563 psi 
l2 inches 
0.125 inches (Allow an „80 

reduction factor 
for thlnning out 
of material due 
to forming) 

Material 61 ST, Fey = 35,000 psi 

бу c АВЕС = 35,800 раі 

19,8 

000 2 
Mew е p- 5 == Ж = + .025 

The spherical section is formed Бу butt welding as shown in 
the sketch on page 123. 

GO 241-1 - VELLUM 357 

Thickness of doublers, t = 0.250 inches 

Fry at weld = 9.000 рві y 

„555 (18 ЭЭЖ, TM 9,000 psi 

; $ GI а. : MS. = 5555 22 0.0 

SECRET 

о 

ee --------.. ----. 

— —-- —--———— 
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The alcohol tank is critical at body station 170. 
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REPORT мой Р-40-25007 
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The section 
will be checked for the maximum body bending moment and axial load, 
and internal pressure existing at 55,000 ft altitude. 

В.М. а 787,400 in.lb, (Ref. page 20) 

The axial load will be computed аз follows: 

Thrust. = 76.000 15 

weight of missile at 55,000 ft altitude = 25,5 
бэ 

brag inertia load factor = - ae = 2.75 
5 

weight of inertia items aft of station ЦТО not 

аа БӨЗ. kb. 

weight of hydrogen peroxide aft of station ЦТО 
weight of alcohol in aft tank 
Therefore, total weight at station 70 

2,592 - 223 - 1,812 20,678 lb. 

Then, axial load at station [170 = 

Internal pressure - 20 psi 

2.75 (20,678) 

5 lb 

including fuel 

11:11 

е OAN 

hr 
СУ 

з g 

7,000 15. 

Есу = 55,008 psi 

This critical section is ап 0.072 in. thick circular cylinder 
of radius 57.90 inches. The material is 61 ST sheet, 

fe = Bulls + р 

i TR € 

ТЕТЕ 
26 = N (57.98)2(.072) ç 

L = 
t 

to internal pressure) (due 

GO 241-1 - VELLUM 357 

57-800 
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-re — w 

2» 740-5 ‚250 Resulting f. 2 

= 460 psi 

r - 7 SB - 

-р 5 42 521 

Kc = „00056 (Ref. Technical Note No. 179, 8.5) 

P. = ЧЕ = 10,000,000 (.00036) = 5,600 psi 

Therefore, М. S. is ample 

The tank is formed by use of 61 ST doublers butt-welded to- 
gether аз shown 1n the sketch on page |23. 

Static internal yield pressure = 60 psi 

fr. = 60 ( 555 EU mag (ou раі 

Ма» ре 2 “57 = T = 4.10 
» 

Thickness of doublers at weld, t = 0.188 inches 

60(37.98) | 
“ty 5 Т.0724.138) = 8,770 pei 

Fry at weld = 9,000 psi 

оо 
M s. РЧА гн = 1 = +.025 

Ihe oxygen tank із critical at body station 170. Тһе section 
will be checked for the existing body bending moment and axial load 
and internal pressure. 

В.М. = 121,700 11.15. (Ref. page |20) 

The axial load will be computed as follows: 

Thrust =. TI OE BT 

«eight of missile at 55,000 ft altitude 8 25,335 lb. 

Drag inertia load factor = — = 2.75 
522 

GO 241-1 - VELLUM 357 
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Weight of inertia items aft of station 170 not including fuel 

& 3.50Ll lb. 

weight of hydrogen peroxide aft of station 170 = 225 lb. 

weight of alcohol in aft tank = 14,942 №. 

Weight of oxygen іп forward tank = 6,100 15». 

Therefore, total weight at station 170 s 25,555 - 3,501 - 
25 35 Bao. 6,100 & 12,666 Ib; 

Then axial load at station 170 е 2.75 (15,659) = 57,600 15. 

Internal pressure = 20 psi 

The critical section is ап 0.072 inch thick circular cylinder 

of radius 21.96 inches. The material is 61 ST sheet, Fey = 55,000 psi. 

B eli P 
f 2 — т == 

с TT Ес% А 

р 12,700 А 27,000 
- 97 (21.96 )<(.072) 521.96) (0-072) 

= 4,920 psi 

f 20124420) 
t = > ži 

(due to internal pressure) 

ж: 4,050 HE 

resulting f, = 1,920 = 3,050 

s' 1,9170 psi 

Е Е Заг = 205 

Ke = 0.0005 (Ref. Technical Note Хо. 419, 
Fig. 5) 

Р. = EK, = 10,000,000 (.0005) = 5,000 psi 

Therefore, К. 5. is ample. 

GO 241-1 - VELLUM 357 

SECRET 
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The tank is formed by use of 61 ST doublers tutt-welded 
together as shown in the sketch оп page |23. 

, 

Static internal pressure = 60 psi 

Thickness of tank cylinder, $ = 0.072 inches 

Thickness of doublers at weld, t = 0.138 їпсһез 

Least M. 5. (Ref. page 127) = +.025 

GO 241.1 - VELLUM 357 
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PERFORMANCE ANALYSIS 

(2000 Pound Warhead, 1000 Mile Missile) 

Ae GENERAL 

The 3000 pound warhead, 1000 mile missile operates in 
two stares, the first stage or booster stage and a final stage. During 

the booster stare the missile is powered by three 20,000 pound thrust 
rocket motors and four 2,000 pound thrust rocket motors. At tne end 
of the booster stage two of the 20,000 pound thrust rockets are ejected 
from the missile along with related equipment,.a portion of the fins 
and а segment of the skin and structure of the aft part of the missile. 
The final stage then carries on to the end of burning, powered by one 
20,000 pound thrust rocket motor and four 2,000 pound thrust rocket 
motors. 

Be RANGE ANALYSIS 

The range problem is divided into two parts, the powered 
fli:;ht and the elliptical orbit from fuel cutecff to the point of im- 
pact, 

During the powered flight phase the performance was cal- 

culated by the fcllowing method: | 

vertical component of velocity at end of burning 
= 

\/ 

2 

| = (Та logem, + lag log, т.) зіме - g(t,*t,) 

| 
| Ух = horizontal component of velocity at end of burning 

| 

| =: (1,glegem, + Ia 5 loge та) соз Ө 

| У = Velocity along the flight path 

ара" рифта 
E Vi +М, 

S, = vertical component of distance at the end of burning 

46 | : 
š 338 (1-4. iesem), АЕ. toge ma ) SINO + V, t m ыста лора E үй 

а, ка, а 2 ms me 

-2%(%4 Ер 
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+ 

бу = horizontal component of distance at the end of burning 
b E log m | E | “ay ig, = жш ДЕ pe та Мы, 2. г. 

[ = flight path angle with respect to the tangent to the 
earth below the missile at end of burning 

= tan Vx + tan Эх 

2 Го 

F = Specific Impulse 

» ға = Initial Acceleration 

m = Hass Ratio 

Ө = Missile Attitude 

$ = time of flight 

To = Radius of earth 

The subscripts 1 and г used above indicate the conditions for the 
booster stage and final stage respectively. 

— " — 

== During the elliptical flight path from the end of burning 
to the point of impact on the earth's surface and given the above cone 
ditions, the range may be determined by the following relationship. 

Ве = Range of the elliptical flisht path phase 

i Se Ë | 

57.85 5 | \ I 

де O = co Ў > L P | where Vg, [Бе atl % ТАМ — 

| Р = > SIN ey 
C “С X 

iL = (7 
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| Š | rt N : 

(à = += 008 D xy) | 
=: 2 са 

F | г ГУС ЖА Е j В = ےس .— COS T УА 0 

ае А | 4 Го | С x : | ше 17 | 

! 
А = с / 

Го = radius of earth = 5965 miles 

| = f. Ф за“ 

a do ttt OE 
4-%% 

4 | 

| the total range now becomes 

Previous investigations show that the effect of drag may 

be accounted for in this method by omitting the increase of thrust with 

altitude in the bocster stace. 

A series of investigations were conducted to ascertain as 

closely as vossible the best fuel distribution between the two stages to 

obtain the optimum range. Using these results, the performance of the 

2,000 pound warhead, 1000 mile missile was calculated. А summary of 

these results are presented below. | 
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PERFORMANCE 

Staging Conditions 

Booster Stage (I) Final Stage (II) 

ж Corrected for thrust at altitude 

++ Mass ratio Booster Stage (I) = 

Weight Full 16,261 1bs 19,533 lbs 
Weight Emoty 6,761 108 5,023 105 
Weight of Fuel (Total) 29,500 105 15,900 -Ibs 
Thrust at 8:1, 60,000 108 20,000 108 
Specific Impulse at S.L. 210 sec 210 sec 
Fuel Consumption 521 #/зес 122.5 #/sec 
Kass Ratio 2.25 s 5502 3X 
Initial Acceleration Lelt 1.63 
Time of Burning (9.06 sec 104.19 sec 

weight full 
nat empty + Stage II fue 

Performance 
of booster 

Velocity along flight path 570 

5, - Altitude 6.02 

Sx - Range 25.09 

8 - Attitude Angle | 15.09 

faximum Altitude 

Total Range = 

GO 241-1 - VELLUM 357 

PERFORMANCE SUMMARY 

at end Performance at end 
stage of final stage 

ft/sec. 15210 ft/sec 
miles 52.11 miles 

miles 155.17 miles 

170 miles 

1012 miles 
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